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This document contains: 1. The programme of orgaoizatiou of the 
Smithsoiiiau Institution. 2. The annual report of the Secretary, giving 
an account of the operations and condition of the estahlisbment for the 
year 1873, with the statistics of collections, exchanges, meteorology, &c. 

3. The retwrt of the eseeutive committee, exhibiting the financial affairs 
of the Institution, including a statement of the Smithsou fund, the 
receipts and expenditures for the year 1873, and the estimates for 1874. 

4. The proceedings of the Board of Regents. S. A general appendix, 
consisting principally of reports of lectures, translations firom fbreiga 
journals of articles not generally accessible, but of interest to meteor- 
ologists, correspondents of the Institution, teachers, and others inter- 
ested in the promotion of knowledge. 
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REPORT OF THE SECRETARY, PROFESSOR HENRY, FOR THE 
YEAR 1873. 



Gektlbmbn : I bare the honor herewith to present a oontiuaation 
of the history of the Smithsoniau Iiistitntion, comprising an acconnt of 
its operations, condition, and expeodltnres daring the year 1873. No 
change in this time has been made in the general policy of the estab- 
lishment. Congress has continned its appropriations for the support of 
the National Masenm under the charge of the Institution, and baa thus 
reliered the Smithson fund from a burden the support of which has 
annually absorbed a large portion of th« income. Freed from the ex- 
pense of the support of the museum, at the beginning of 1873 ve 
anticipated doing much more than we had previously done in the way 
of advancing science without encroaching on the unexpended balance 
iu the Treasury at tlie close of 1872, but in this we were disap[>ointed 
by the failure of the First National Bank of M'asbington, which had 
in its possession at the time <tf its auaiienaion a considerable portion of 
the semi-annual income received on the 1st of July, and which was 
intended to carry on oar operations during the remainder of the year. 
Previous to 18C7 the interest on the Smithson fund was deposited in 
the private banking house of Biggs & Co., but at the session of the 
Board February 22,1867, I was directed, by a resolution suggested by 
Chief Justice Chase, to transfer the money to the Fii-st Natior)al Bank, 
an aathorized Goveniment dejKisitory. This was accordingly done, 
and the bank faithfully discharged the duty which devolved upon it 
until the 19th of September, 1873, when it failed to honor our drafts, 
llie whole sum in the bank at this time was $8,224.87. On tbis sam 
the Institution has since received a dividend of 30 per cent., amounting 
to 92,467.46. In order to meet this unexpected difSculty a reduction 
was made, as far as possible, in the accruing expenses, by stopping the 
printing of various articles, and dererring for a time the prosecution of 
various enterprises iu which the Institution had previously embarked. 

For paying the salaries and other urgent claims an application was 
made to the Secretary of the Treasury to advance the quarter-yearly 
interest which had accrued ou the 1st of October. To this application 
the Secretary, 3Ir. Richardson, gave due attention, and expressed his 
willingness to grant the favor provided it conid be done iu accordaoce 
with law. It was, however, decided by the comptroller that the inter- 
est could only be paid semi-annually, as prescribed by the act organiz- 
ing the lustitntioQ. 
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8 EEPOET OP THE 8ECKETAKY. 

Disappoiuted in obtainlog relief &om this sonroe, an ^peal vas made 
to Mr. G, W. Biggs to advance what might be required to pay the Deces- 
sary exjieuseB of the eBtabliahinent during the reuiaioder of the year. 
This he promptly consented to do at a time when loans of niooey could 
scarcely be obtained uuless at the most exorbitant rates; and this, too, 
without charge for interest. Such liberality could scarcely have beeu 
expected, especially after the deposits had previously beeu withdrawn 
from Mr, Riggs on the plea of greater security. 

To relieve the Board of Begents and the secretary in future from all 
anxiety as to the safety of the semi-aunua! interest, I would advise that 
hereafter it be placed in charge of tlie Treasurer of the United States. 
I am informed that he is authorized to receive on deposit, from officers 
of the Army aud Navy, money whicli has been appropriated by Congress 
to special objects, and as the Smithsou income is the proceeds of a sacrvd 
trust committed to the Governraeut of the Uuited Slates, the same priv- 
ilege sbouhl be, and I doubt not would be, extended to it. 

The Smitbson fund since the war has been much dimiuished in effi- 
ciency by the inflatiou of the cnrrency, and the coiisegaent high price of 
labor and materials. It is trae that the Government pays the lustita- 
tion in gold, but the premium ou this is by no means an equivalent for 
the diminution of purchasing power of the mouey received: since 
paper has been substituted as a legal tender, gold itself has become 
an article of commerce, the price of which depends on the supply and 
demand. While tlie premium on gold is, say, ten per cent., the differ- 
ence of prices duo to inflation is, in many cases, a hundred percent. In 
addition to the effect of the diminution of the valne of the Smithsoo 
fund by the inflatiou of the Government currency, is that of tbe gradiiai 
inflation of the currency of the world by tlie products of the mines of 
Cahforoia and Australia. It is eatiinated that tbis, duriug the last 
tweuty-flve years, has made a difference in prices throughout Euroiie 
aud this country equivalent to twenty per cent 

To keep up, therefore, Ihe efflcieucy of the Smithsou fund in the way 
of producing new results in intellectual labor, it was neceHsar>' that ad- 
ditions shonld be made to it; and from the following financial exhibit, 
aud those which have been sliowo in preceding reports, it is evident 
that this consideration has received proi>er attention. 

The following is a statement of the condition of the funds at the end 
of 1873 or the beginning of 1874: 

The amount originally received as the beqnest of James 
Smithsoo, of England, deposited in the Treasury of the 
Qnited States, in accordance with the act of Gongiess of 

August 10, 184G 4515, 169 00 

The residuary legacy of Smithsou, received in 1805, de- 
posited in the Treasury of the Unit^^xl States, in accord- 
ance with the act of Congress of February 8, 18C7 26, :ilO 63 



Total bequest of Smithson 611,379 63 
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KEPOET OF THE 8ECEETABY. 9 

Amoont deposited in the Treasury of the United States, 
at} aathorized by act of CoDgreas of Febroary 8, 18G7, 
derived from Bavings of iucotiie and increase in value of 
investments $108, 620 37 

Total permanent Smithson f^nd in the Treasury of 
the United States, bearing interest at 6 per ceut., 

payable semi-aoDually in gold - 650, 000 00 

In addition to the above, there reinaios of the extra fund 
from savings, &c., in Virginia bonds aud certifieatea, 
viz: OoD8olidat«d bonds, $58,700j deferred certificates, 

429,305.07— now valued at 33, 000 00 

Cash balance in United States Treasury at the bfginning of 

the year 1874, as a special deposit for current expenses. 12,226 68 
Amount due from First Natioual Bank, $5, 7&7.4I, (pres- 
ent value unknown.) 

Total Smitbsou funds Jannary, 1871 60S, 226 68 

PUBLICATIOMS. 

Since the reports of the Institution are separately distributed to indi^ 
Tidnals who have not immediate access to the whole series, it is neces- 
sary ii> each to rei«at certuiu facts which may serve to give an inde- 
pendent idea of the general organization of the establishments For this 
purpose the following statement is repeated in regard to the publications ; 

The publications of the Institution are of three classes — the Contribu- 
tions to Knowledge, the Miscellaneous Collections, and the Annual 
Keports. The first consist of memoirs containing positive additions to 
science resting on origiual research, and which are generally the result 
of investigations to which the Institution has in some way rendered 
assistance. The niisccllaueons collections are composed of works in- 
tended to facilitate the study of branches of natural history', meteor- 
ology, &c., aud are designed especially to iuduce individuals to engage 
in studies as specialties. The annual reports, beside au account of the 
operations, expenditures, and condition of the lustitntion, contain trans- 
lations from works not generally accessible to American students, re- 
I>orts of lectures, extracts from correspondence, etc. 

The following are the rules which have been adopted for the distribn- 
tioD of the publications of the Smithsonian Institution : 

Ist. To learned societies of the first class which present complete 
series of their publications to the Institution. 

2d. To libraries of the first class which give in exchange their cata- 
logues aud other publications, or an equivalent from their duplicate 
volumes. 

3d. To colleges of the first class which furnish meteorological ob- 
servations, catalogues of their libraries and of their students, and all 
other pnbiicatioue relative to their organization and history. ,-^ 
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10 BEPORT OF THE SECBETABC. 

4tli. To States and Territories, provided tbey give in retura copies of 
all documentfi published uuder tbeir authority. 

5th. To pDblic libraries ia this couutry, not iuclnded ia any of the 
foregoing classes, containing 15,000 volnmes, e8i»ecially if no otJier 
copies are given in the same place, and to smaller libraries where a large 
district wonld be otherwise onsupplied. 

6tb. To institutions devoted esclusively to the promotion of particular 
brancbes of knowledge are given such Smithsonian publications aa 
relate to their respective objects. 

7th. Tlie reports are presented to the meteorological observers, to con- 
tributors of valuable material to the library or collections, and to per 
80D3 engaged in special scientific research. 

The distribntion of the publications of the Institution is a matter 
which requires much care and a judicious selection, the great object 
beiug to make known to the world the truths which may result from 
the expenditure of the Smithson fund. For this pnrpose the principid 
class of publications, namely, the Contributions, must be so distributed 
as to be accessible to the greatest number of readers, and this will evi- 
dently be to principal libraries. 

The volumes of Contributions are presented to institutions on the ex- 
press condition that, while they are carefully preserved, they shall be 
accessible at all times to students and others who may desire to consult 
them. These works, it must be recollected, are not of a popular char- 
acter, but require profound study to fully understand them ; they are, 
however, of immense importance to the teacher and the popular ex- 
pounder of science. They contain materials from which general treat- 
ises on special subjects are elaborated. 

Full sets of the publications cannot be given to all who apply for 
them, since .this is impossible with the limited income of the Institution ; 
and, indeed, if care be not exercised in the distribution, so large a portion 
of the income will be annually expended on the production of copies for 
distribution of what has alreatly been published that nothing further 
can be done in the way of new publications. It must be recollecteil 
that every atldition to the list of distribution not only involves the 
giving of the publications which have already been made, but also of 
those which are to be made hereafter. 

At the commencement of the operations of the Institution the publi- 
catjous were not stereotyped, and consequently the eai'licr volumes 
have now become scarce, especially the first, of which there are no 
copies for distribution, although it can occasionally be obtained at a 
aecond-band book-stall in one of the Inrger cities. 

No copyright has ever been secui-ed on any of the publications of 
the Institution. They are left free to be used by compilers of books, 
without any restrictions except that full credit shall be given to the 
name of Smithson for any extracts which may be made from them. 
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This condition is especially insisted on, be^^anse tbe credit thos required 
is an important evideoce to the world of tbe proper management of ttie 
Smithson fnnd. 

Publications in 1873. — During the past year tbe eigbteeiith volnme of 
tbeqaarto series of the Smitbsooian Contributions to Knowledge bas 
. been pnblisbed. The several parts of this volume bave been described 
in previous reports. It contains tbe following papers: 

I. Tables and resnlts of tbe precipitation in rain and snow in tbe 
United States, and at some stations iu adjacent parts of North America, 
and in Central and South America. Collected by tbe Smithsonian Iusti> 
tutioo, and discussed under direction of Joseph Henry, Secretary. By 
Charles A. Schott, 4to., pp. 178, eight diagrams, five plates and three 
charts. 

II. Memoir on tbe secular variations of tbe elements of tbe orbit« of 
the eight principal planets, Mercury, Yeuus, tbe Earth, Mars, Jupiter, 
Saturn, Uranus, and 74^eptuuo, with tables of tbe same. Together with 
the obliquity of the ecliptic, and the precession of the equinoxes in both 
longitude and right ascension. By John N^. Stockwell, M. A., 4to., pp. 
2U. 

III. Observations on terrestrial magnetism and on tbe deviations of 
tbe compasses of tbe United States iron-clad Mona<lnock during ber 
cruise from Philadelphia to San Francisco, in 1865 and 1866. By Wm. 
Harkuess, M. D., 4to., pp. 225, with two diagrams. 

IV. Converging series e.ipressiiig tbe ratio between the diameter and 
tbe circumference of a circle. By William Ferrel, 4to., pp. 6. 

This volume consists of 643 pages, and is illustrated by five plates, three 
large doable charts, and numerous diagrnms. Tbe distribution of this 
volume to foreign societies bas been nearly completed. As in tbe ease 
of the preceding volumes, it will tend to perpetuate the name of Smith- 
son conspicuously in tbe records of tbe history of science, and wilt thus 
form a more befitting monument to bis memory than one of marble or 
of bronze. 

One of the memoirs accepted for future publication in the Contributions 
is on the Lucemaria, by Professor Henry J. Clark. This memoir relates to 
a class of animals which are more or less octagonal, bell-sbaped, or rather 
inveiied umbrella-like, with tentacles clustered in groups at the eight 
angles. They were in former times regarde<l as a group of the polyps, 
that is, related to tbe sea-anemones, but in more recent times have been 
associated with the Acalepbs or sea-nettles and jelly-fishes, and either 
combined with one of the more comprehensive orders, or regarded as 
tbe representatives of a peculiar one. Such is tbe group which has 
been tbe subject of Professor Clark's latest studies, and which is con- 
sidered by him as entitled to ordinal rank in the class of Acalepbs. 

His work is divided into two parts; tbe first devoted to the " general 
and comparative morphology," and tbe second restricted to tbe "anatomy 
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^B<1 physiology of Italicl^siusauricuUiJ" In the first part are tbreediapters; 
tbe first on " individuality," io wbicb are considered tbe questions re- 
lating to "polarity aud polycephalism " and "tbe bydroid and mednsoid 
cepbalisms." In tbe second tbe thesis that "the type of form is not ra- 
diate" is defended, and the form is described as "the dorso-ventrally 
repetitive type," Tbe third chapter is devoted to the consideration of 
"anteroposterior (cephalo-candal) repetition," and under tbe heads of 
"tbe scyphostoma and epbyra varieties of tbe same morph" and "tbe 
individuality of Pelagia and Lucernarife." 

In tbe second part are four chapters, the third to seventh of the en- 
tire work. In the first (third of tbe work) are described the "general 
form and structure," including habitat, habits, form, and size, tbe pre- 
boscis, tbe umbella, and tbe peduncle. In the second is considered tbe 
" organography, including tbe walls," " the muscular system," " tbe tenta- 
cles, the marginal adhesive bodies, or collecystopbora," "tbe caudal ad- 
herent disc,"" the digitiform bodies, or digitali,""the digestive system," " 
" the nervous system," aud " the reprodnctive system." 

In a third are embraced tbe results of studies of tbe "embryology," 
or various stages of growth of the species, includiug observations on 
"the egg and the spermatozoa;" on "a youug kalidystus auricula, nearly 
onesixteenth of an inch in diameter;" ou "a specimen three thirty- 
seconds of au inch across the umbella;" on "a young Hi>eeimen one-eighth 
of an iocb across;" on tbe "special development of a tentacle, a colleto- 
cystopbore, and a genital sac;" ou tbe "young one-fifth of an inch 
across;" and on tbe "young sis twenty-fifths of au inch across." 

Ill a fourth chapter the tissues are considered in a "histology of haU- 
ch/ttvs auricula " and iu the several parts of tbe body — that is, " tbe uni- 
bellarand peduncular walls;" "bistologyof the tentacles;" "histology of 
the col leetocy stop bores," (anchors;) "histology of tbe caudal disc;'' 
aud " histology of the digitali" aud " the prehensile cysts," (uematocysts 
aud colletocysts.) 

This enumeration of the chapters and their sections will Aimish to 
the naturalist an adequate idea of tbe mode of treatment of the subject 
as well as of the diiiereut organs aud parts represented in the auiraals. 
It will sufhce to add that the several parts ai-e ti-eated of iu great 
detail, and are illustrated in eleven quarto plates from drawings by the 
author. 

Tbe plates for this memoir are in the process of being engraved, aud 
tbe work will be published as soon as the fnuds of the Institution will 
permit. We have to regret, since the work was adopted by the lostitn- 
tiou, that the author has been called from this life iu the flower of his 
age and tbe promise of many days of sueeessful devotion to science. 

The next memoir accepted for publication, and wbicb will probably form 
the whole of tbe twentieth volume of the Contributions to Knowledge, is 
hy Joseph Jones, M. D., professor of chemistry and clinical medicine in 
the University of Louisiana^ It gives the residts of a very esitended iu- 



REPORT OF THE SECRETABT. 13 

Testigutiou of the niilitaiy, religioas, maDumentj)], and organic remnins 
of the aDcieDt inbabitants of Tennessee. An appropriation was mtule 
to assist Dr. Jones in an explorstioo of these ancient remains, and to 
thisvork he has devoted an immeoBe amount of labor. The reanlts are 
presented in a Tolame which, after considerable abridgment, still con- 
sists of over 600 folio manuscript pages, requiring about two hnndred 
Tood-CQts and a number of plates for its illustration. The work was 
submitted to Dr. Otis, of the Army Medical Museum, who has given 
special sttention to the subject of ethnology, and on his approval it has 
been accepted for publication. We think it is a valuable addition to 
our knowledge of the ancient races which have inhabited this continent, 
and veil worthy of a place in the Smithsonian series of Contributions. 
The following extract is made from the preface by the author : 

"The explorations and researches were commenced in the early part 
of 1868, and continued to the close of 18C9. In the entire investigation, 
and in preaenting an outline of the explorations and researches, I have 
endeavored to accomplish two results, viz: the accurate description of 
the aboriginal remains, and the collection of facts which bear in aiiy t 
maoner upon the obscure history of the ancient inhabitants of this 
region. With the limited means at my command, and with numerous 
pressing professioual duties and carea, I was unable to carry forward 
the explorations apon the scale which their importance appeared to 
demand, but it is earnestly hoped that these investigations, however 
imperfect, will be found an addition to knowledge which may serve as 
a point of departure for future explorers in this interesting field. They 
will not be without practical result if they should serve to form a basis 
for the comparison of the crania and works of art of the races of the 
stone-age of Tennessee and Kentucky with those of other parts of our 
country and of foreign climes." 
The following is a brief abstract of the contents of the work : 
Chapter I. — Inquiries regarding the name and history of the ancient 
race which inhabited in past ages the fertile valleys of Tennessee and 
Kentucky, called by early explorers the Chaiiuaoins. 

Chapter 11. — Ancient cemeteries. The so-called "mummies" discov- 
ered in caves. Mode of burial practiced. Stone graves. Inquirj' into 
banal customs of the Indians. 
Chapter III.— Mounds, fortifications, and earth-works. 
Chapter IV. — Sites of aboriginal towns or encampments snrrounded 
by earth- works. Description of coutentsof monnds. Indian traditions. 
Belations of early explorers and missionaries to the aborigines. 

Chapter V. — Works of art, religions relics, sculptures, paintings, im- 
plements, weapons, vases, culinary vessels, idols, shell ornaments. 

Chapter VI, — Crania of the mound -bnilders — comparisons with those 
tmm Mexico, Europe, &c Discussion of the causes which led to the 
rapid depopulation of the American continent after its discovery by 
Columbns. General conclu^ons. 
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Another paper iotendei! for the Contributiona is on the Haida IndiaDS 
of Queen Charlotte's Islands, by James G. Swan. These islMtds con- 
sist of a group io the Pacific Oceao, lyiug off the northwest coast of 
Atuerica, seventy-five miles northwest from Vancouver's Island, aod at 
a distance from the luaiu-land varying from sixty to a bnodred miles. 
They are inhabited by a tribe of ludians who in mauuers and customs 
ate somewhat different from the neighboring tribes on the mnin-land 
aud from those of Vancouver's Island. In general appearance they 
resemble the natives of the northwest coast of Asia. Their distinctive 
features are apparent to the most casual observer. They are as a gen- 
eral rule of large stature, with better proportions and lighter complexion 
than the Selish tribe of Flatbeads, inhabiting Washington Territory 
aud British Columbia. This diflerence is particularly marked among 
the females. Those of the Haida trilte are tall and athletic, while the 
Selish women are shorter, with a greater tendency to corpulency. These 
people are especially distiuguished for their carvings in stone and woo<), 
and also for tbeir tattooing. 

The memoir is illustrated with drawingsofspecimensoftbesecarvlDge, 
some of which are colored, aud also with samples of tattooing, the lat- 
ter copied by photography &om the bodies of the Indians themselves. 
Some of the carviugs represent ijosts or pillars placed in front of the 
houses of the chiefs, and are sometimes from 4U to 50 feet high. Tht^y 
are not intended as objects of worship, but as representations of the 
" toten " or tieraldic insignia of the family occupying the house betbre 
which they are erected. As the house generally contains several fomi- 
lies, the carving may be said to indicate the family names of all the occu- 
pants. It is important to state that these carvings have a general like- 
ness to those found in Central America. 

The paper will be an interesting addition to ethnology, as affording 
data for the comparison of the imitative art among the present and ex- 
tinct races along the Pacific coast of America. It is by the author of 
the work on the Makab Indians, of Cape Flattery, published not long 
siuce by the Smithsouiau Institution. 

Besides the eighteenth volume of Contributions te Knowledge, the 
tenth volume of Miscellaneous Collections has been published. It con- 
sists of 91.3 octavo pages, and contains the following articles : 

I. The Moflusks of Western North America ; by Philip P. Carpenter, 
B. A., Ph. D., embracing the second report made to the British Associa- 
tion on this subject, with other papers ; reprinted by permission, with a 
general index ; pp. 446. 

II. Arrangement of tbe fhmilies of Mollusks; preparedfor the Smith- 
sonian Institution by Theodore Gill, M. D., Ph. D., pp. 65. 

III. Instructions for observations of thunder-sterms, by Prof. Joseph 
Henry, p. 1. 

IV. Circtdar relative to heights; by Prof. Joseph Henry, pp. 2, 
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y. DirectioDB for coDstxucCing ligbtning-rods ; by Prof. Joseph 
Heory, pp. 3. 

Yl. Queries relative to tornadoes ; by Prof. Joseph Heiity, pp. 4. 

YII. QueatioDs relative to the food-tisbes of the United States; by 
Prof. S. F. Baird, pp. 7. 

yill. Memoranda of inqairy relative to the food-fiabes of tbe.United 
SWtes; by Prof. S. F. Baird, pp. 5. 

IX. List of the institutions, libraries, colleges, and other establish- 
menta iu the United States in correspondence with the Smithsonian In- 
stitutioD, pp. 255. 

X. List of Foreign Correspondents of the Smithsonian Institution, 
eorrected to January, 1872, (lonrth edition,) pp. 96. 

XI. Cheek- List of Pablicatious of the Smithsonian Institution, pp. 22. 

The first article in this volume baving not previously been described, the 
foiloiring account of it will here be properly in place. It is one of tbeseries 
published by the Institution for facilitatiug the study of certain branches 
of 3lie natural history of North America. It may be recollected that 
Mr. Philip P. Carpenter, a distinguished conchologist of England, when 
visiting the United States iu 1859-60, was engaged by the liistitntion 
to arrange and name the shells collected by the United States exploring 
esp«ditiou and those collected by other parties on the Pacific coast of 
North America. Mr. Carpenter had previously presented to the British 
Association a reportou the Mollnsks of the west coast of North America. 
On his return to England he made, to the same society, a supplementary 
report on this subject, embracing materials principally derived from the 
Smithsonian Institntiou. In order to facilitate the study of this class 
of animals by the American student, the reports iu question and other 
materials have been reprinted from the stereotype plates of the British 
Association, kindly furnished the Institntion for this purpose. 

The propriety of this publtcation by the Smithsou fund will be evi- 
dent when it is stated that the materials on which it is founded are 
chiefly in the collection of the National MuBeum, under the charge of the 
Institution, and the report of the British Association forms a series of 
volumes which cannot be purchased separately, and are therefore inac- 
cessible to tlie working naturalists of this country, to whom the work is 
more especially important. 

" The i>rincipal object in preparing the works," says Mr. Carpenter, 
" is to collect and compare the writings of previous naturalists, so 
that it might be possible for students to commence where 1 leave oS' 
vitbotit being obliged to waste so large auamouut of timeaslhavebeen 
compelled to do in analyzing the works of their predecessors." To render 
this work more useful an index has been prepared at the expense of the 
Institntion, which, besides its importance to the general student of con- 
chology, will be of special advautage to those who desire to study the- 
specimena in the national museum. This work will be a valuable addl- 
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tion to the literatare of zoology, and will 1)11 a void io the descriptive 
liiBtory of the molluBca of this country. Oue of its chief merits is tbat 
in it are collected together from many sources uotices of the labors of 
all previous investigators, and iu many cases eiitracta of all thtit is im- 
]K>rtatit from their works. How much the publication of such mooo- 
gi-aphs has tended to tbeadvaucement and acceleration of our knowledge 
of any group, the past history of zoology amply shows. 

Another article in this volume not previously described is that drawn 
up by Professor Baird relative to inquiries as to the food-fishes of the 
United States. It has been used by him in his capiieity of United States 
fish commissioner, but will be useful for reference to all who rrtay be in- 
terested in this subject. The questions relate to tbe names, distribution, 
abundance, size, migration, relatiouship, food, reproduction, culture, 
protection, disease, capture, and value of fishes. 

Tbe circular on lightning-rods was prepared to save time in answering 
the frequent inquiries as to the best means of protection from lightning. 
On this subject it is proper to remark that tbe country is overrun with 
patented iuventions for alleged improvements iu lightning conductors. 
Most of these are founded on misconceptions of established principles of 
electricity, and although tbey may iu most cases, if properly couuected 
with the earth, serve to conduct a discharge which would otherwise be 
attended by serious consequences, harmlessly to the ground, yet they do 
not possess the character as to improvements which is claimed for tbein 
by their vendors. 

Tbe instructions for observations on thunder-storms originated in the 
desire to obtain siiecial information as to the origin, direction of move- 
ment, and other facbi relative to these interesting meteors, which are 
intimately connected with tornadoes. The latter phenomenon occurs, 
perhaps, more frequently iu the United States than in any other country, 
and from tbe devastations which attend its progi'ess over the surface of 
the earth, it becomes an object worthy of attention of the public gener- 
ally as well as the proiessed meteorologist. 

Another publication forming a portion of the Miscellaneous Oollections 
is tbe third and completing part of a series of monographs of the Diptera, 
or two-winged insects, of North America, by Baron Oeten Sacken, late 
of the Kussian legation, and Dr. H. Loew, of Prussia. The first part was 
published in 1862, and included tbe families of Trypetidtje, Seiomyzidee, 
Epki/drinidcE, and Cectdomyida;. The second part appeared iu 1866, and 
consists principally of a monngraph of theDolichopodidoe. The fourth part 
was issuetl in 1869, and embraces a monogriiph of part of tbe Tipulida. 
The tbird part, or that in question, includes the families of tbe Ortalida 
and TrypetintE. In variety of forms, says the author, tbe family of Oria- 
lidcE is scarcely surpassed by any other Diptera; at the same time it is 
hardly equaled by any in the structural differences occurring among the 
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indfTidnals. Hence, it tnnj' be considered as ooe of the most interesting 
fomilies of the order. Kevertbeless, but little has been done as yet for 
the exact definition of its limits nor for its subclirisioa into smaller 
tcroupa It was, therefore, impossible to attempt a satisfactory desvrip- ' 
tiQQ of the Korth American species of the OrtalidsE without first settling 
tlie qnestiou of the true limits of the family, of the relationship of it to 
other families, and of the character npoo which it is established. This 
preliminary work the aathor thinks be has saccessfolly accomplished, 
and presents bis reasons for this in an iotrodnotory chapter, iu which is 
reviewed what has previously been done on this point. 

The TrypetidtB giTen in this part of the general work may be con- 
sidered as a supplement to that published on the same family iu the first 
part of the series. This supplement has been rendered necessary by the 
nnmber of species of the family which hare been fonud since the date 
above mentioned. At that period only twenty -three Korth American 
species were known, Sioce then the number has reached sixty-one, be- 
sides a Dumber of species of previous authors of which information has 
since been procured. The author has, therefore, adopted the form of a. 
supplement to his previous paper. 

The following remarks in regard to the series, are by Baron Osten: 
Sacken : 

" As this will probably be the last volume of the present series of the- 
publicatioti of which I have the care, a few words with regard to the nse 
and aim of these volumes may not be out of place here. The diptera, 
ttom the minuteness of their size and the extreme delicacy of the charac- 
ters upon which their claasificatiou is based, are without any doubt the 
most difficult to study of all the orders of insects. To thegeneral difficulty 
of the subject, the N^orth American diptera add another ouo iu their analo- 
gies with the European fauna on the one side and the South American 
on the other. At the same time the dipterological lit«ratare in the Eng^ 
lish language is not a rich one. The only eminent English dipterist. Mr. 
Haliday, published so little that his superiority was known to his cor- 
respondents much more than to the public in general. Other English 
publications which exist are utterly insufficient for any scientific pur- 
pose, and more apt to mislead than to teach. Now the volumes of the 
Monographs, although they embrace but an inconsiderable fraction of 
the whole dipterous fauna of this continent, show at least how the sub- 
ject has to be treated, how descriptions are to be drawn, what charao- 
terg have to be Boted, what analogies with tile European and South. 
American fauna occur, and with what care they have to be studied in 
order to distiognish analogy &om identity. Moreover, three of those 
four volumes are the work of the first dipterologist now living, who,, 
after Meigen, may be considered as the founder of scientific dipterology. 
For all these reasons, I hope that the labor and expense bestowed upon 
these publications will, after a time, bring its firuit, although it may not 
be immediately." 
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Another article intended for the Miscellaneoas Collections is a synop. 
S18 of American vespidee, or wasps, by Professor De Saaseare, of Geueva, 
translated from tbe original manuBcript by Mr. Edward Korton, of 
Farmington, Conn. TbiB woriL was commenced a number of years 
ago, bnt owing to tbe absence of Mr. Norton from tbe conntry and 
other causes of delay, it was suspended and has only been resumet' 
during the last year. It will now be completed as rapidly as the cor 
rected proof-sbeets can be received from Switzerlantl. The cliaracter 
of the work Is given in the following extract from the introduction, 
which also coutains suggestions as to the philosophy of points of natu- 
ral history well worth the attention of the general stadeuts of this 
branch of science : 

" I propose in this volume not to give a general history of the wasps 
of America, but only to lay the foundations of the fauna of the 
vespida, principally of North America. I leave aside whatever con- 
cerns the babits of these insects, on which we have bnt insufficient in- 
formation, and shall confine myself to speaking of them with respect 
to the genera or species which (Qiall offer me some salient peculiarities. 
This work is not i» be taken for a mere catalogue of species, of no fur- 
ther use than to satisfy curiosity. I think that modem zoology ought 
to tend toward another aim. The existence of species, the composition 
of fauna, their relations with the parts of the globe which tbey inhabit, 
are not merely accidental facts. In my opinion we must therein detect 
the last material and tangible manifestation of physiological forces, the 
study of which belongs to the domain of the highest natural philosophy. 
by him who adopts this view of the subject a far-searching study of 
species ought to be considered as one of the bases liom which the 
search after the origin of species may start. 

'■It would seem that in zoology we ought to take for a starting 
point the actual existing forms in which life manifests itself, to ascend 
tbence up to the primitive stock, just as in geology we start firom 
the actual existing structure of rocks, and from the external configura- 
tion of the soil follow up the concatenation of the ancient events which 
have brought about as a last result the present state of the earth's crust. 

" The study of species ought especially to serve as a means of reveal- 
ing to us their variations and the afilnitiea between tbcm. These affini- 
ties point to a common relationship which is to be explained only by a 
direct filiation of the types. The study of forms, combined with that of 
their geographical distribution, comes afterward to throw light on the 
cause of the filiation which the graduated resemblances of the species 
seem to reveal to us. It shows that this filiation obeys laws which have 
also their regularity in so far as they are intimately connected with tbe 
physical laws which hold sway in every region of our globe. 

"Toward these grand philosophical questions zoology ought in our 
time to tend, and species ought to be studied with a view to the solu- 
tiou of such questions. As in geology the study of the actual csisting 
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fitate of the earth's crust and tbe appreciation of tbe pbenomeDa that 
there taEe place, of the iiitiuiHte transformatioD of rocks, of the 
tuecfaaoical destruction of the layers, of their reconstractioD under 
new forma, allows as to draw an infetence by analogy as to tbe more 
ancient transformadoDs and tbe agents which have produced them; so 
the study of species and of their actual existiug transformations seems 
likely to enable ns to follow ap the chain of these transformatioDa to a 
point more or less close to their origin. The detluition of the first di- 
vergences observable in the permanent varieties, which may be consid- 
ered as nascent species, in order to ascend afterwani to tbe relation- 
ship of species separated by the divcrgeuces more and more profound, 
such is, we deem, the point of view under which we should never neglect 
to stndy species. 

"Zoology only wben considered ftom this point of view is philo- 
sophical. It has not its aim in itself; it serves only as a means to sift 
questions of a higher order. Now, entomology is precisely tbe one of 
the branches of zoology iu which tbe study of tbe filiation of sjiecies 
may become the most fecund in results, either on account of the multi- 
tude of ramifications of general types and of the multiplicity of forms 
under which each type appears, or on account of the smallness of the 
breaba which separate genera and species, or also on account of the 
immense variety of forms and of tbe facility with which species seem to 
become modified iu proportion as tbey spread over the surface of the 
globe in fotlowing diverging ways. Thanks to all these causes, it is not 
difficalt to find examples of every kind of filiation; not difiicult, either, 
to follow over latitudes certain modifications still recent which allow us 
to draw an inference by analogy as to other modifications more profound 
because they are more ancient, and as to others of a degree still more 
advanced. 

" Unfortunately in our times the greater unmber of entomologists have 
deviated too far from this pbilosopbical path. Tbey have turned ento- 
mology into a sort of amusement, which has for its object the discovery 
of new species ; which loses itself in minutife, and at the bottom of 
which there esists no thought. Thanks to this tendency, collecting bas 
ceased to be tbe means, and has become tbe object In becoming an 
amusement entomology has gradnally lost caste ; it has fallen into the 
hands of dawdlers, and thus lost a part of its scientific character. This 
transformation has led men who aim at reaching an elevated rank in 
science to be too much inclined to withdraw from the field of entomology. 

"As may be anticipated from what precedes, my intimate purpose iu 
producing this work is to study tbe American fauna with a view to its 
origin. But this is a work of time which cannot be completed off-hand. 
Tbe first thing to be done is to study carefntly tbe species, to arrange 
tbem accordiug to a good classification, and to describe, while proceed- 
ing, tbeir affinities. That is the fundamental preparatory labor. I 
have not tbe pretension to overstep those limits in this monograph. 
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The knowledge of the Americau fauua is not yet advanced enongb to 
allow us to draw with certainty an inference as to the afiSoities of the 
species between them so as to prejudge tbeir filiation. However, I 
have made more than one remark on this topic, and I will hazard a few 
words on the matt«r when speaking of genera and species. Bat I ra- 
aerre for another work the statement of comparisons which seem to me 
to cast some light oq the dispersion of the vespidie on the surface of tb« 
globe and on the modifications which have been worked off under 
diverse latitndee ; in other terms, on the origin of actual existing faunie. 

" The complex affinities of species, and still more the filiations which 
arise fhim these affinities, become obvious to the eye only when one 
has acquired a perfect knowledge of the species and genera of a fauna. 
To seize them in all their extent, it is necessary to know, as it were, all 
the species of the group by heart in order to be able to take it in at a 
glance, or to examine at pleasure each part in the picture that one has 
formed in one's memory. Only when one has attained this point iu the 
study of the group is it possible from the inspection of a species to feel 
its affinities, for they do not always appear in the more easily appreci- 
able characteristics. They often discover themselves in certain charac- 
teristics of appearance which are, at times, of great importance, but 
'Which are not seized at a glance, or in certain relationships of form, 
which a long practice teaches one to distinguish easily, though they can 
scarcely be defined. 

"The first basis of philosophical zoology is the profound knowledge 
sf the detail of faanee. To give an idea as complete as possible of the 
fannse of the vespidje of America is the purpose of this volume. 

'^The plan which I have decided on, in drawing up this work, is the 
following : 

" I give as far as possible the complete description of the species 
which belong to the fauna of Iforth America, considering as such all 
those which people the new continent to the north of the Isthmus of 
Panama, including likewise the Antilles. This work is, therefore, moi'O 
espe-cially a monograph of the vespidse of the Unitod States, of Mexico, 
and of the Antilles. Besides, I have added, as a complement, the cata- 
logue of all the species known till now in the rest of America, and I 
have found ita great advantage for the classification, the method becom- 
ing thus more complete. Moreover, this plan allows me to enunciate 
views on the geography of insects, on the dispersion of the species, and 
on the modifications which take place under the influence of diverse 
latitudes. 

" I have confined myself, for the species of South America, to making 
a catalogue of them, not having materials sufficient for a monograph. 
For those, however, of which I had the types under my eyes, I have 
given Latin diagnoses, in order to present them in a comparative 
manner with respect to the surrounding species and also to complete 
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my previous stadies of these ioBects, as well as to resome them aud 
lender their nse more easy. 

" I think myself bound to add here that aa to my method of descrip- 
tion, I describe as much as possible the species in a relative manner. 
Descriptions made in an absolute sense have always appeared to me less 
nsefnl, because they insist on many aseless characteristics and omit 
often the most important. The reader will uot, therefore, Ite snrprised 
at my not repeating, with respect to genera, the characteristics proper 
to every species or to the greatest number. In short, there are still 
other characteristics which I pass over, cousidering them rather aseless, 
either on account of their constancy (sncb ae the presence of silky hairs 
ou the tibiie) or on account of their variableness, such as the color of 
the lower snrface of the abdomen. 

" DeRcriptiona are often made tedions by means of these soperfluouB 
iadications and thus the essential cliaracteristics are drowned in useless 
developments. In this way, precision is impaired instead of being 
increased. Doubtless, here agaiu nothing is absolute. Certain isolated 
species may be sufficiently characterized by some salient traits, while 
others, snironnded by very closely connected species, require minute 
descriptions. 

"Absolute and very detailed descriptions ought, in my opinion, to be 
employed when one describes a species isolatedly without knowing the 
most closely connected types, (for instance in the publications of geo- 
graphical espedicions.) It is the monograpbers duty to eliminate from 
these <1escriptions both the common-place and the useless. But in a 
monograph, the species are to be examined in a comparative manner 
and relatively to the adjacent types. 

" The first condition of good comparative diagnoses resides in a wise 
co-ordination of the species which by way of exclasion may lead to 
choosing only between a small nnmber of species. Though I do not 
like to find fault, I cannot, however, on this score, help complaining of 
the works in which the species, though described in an absolnte manner, 
(that is by themselves and not comparatively with others,) are jumbled 
up together, without order, witbout division of genera, often in defiance 
ot the most salient characteristics. 

" Such works, got up in a hurry, the plans of which are laid down with 
a view to the convenience of the authors and not for that of the readers, 
cause the latter to lose much valuable time with no great result. They 
do not come up to the precision now reqnired by the progress of science, 
and they are, therefore, behind their time. The reader caunot occupy 
bis mind with incomplete works, nor can be waste his time in striving 
to find oat species which are not to l>e found ont; for there is no doing 
impossibilities. 

"■ In most of my descriptions I have been especially attentive to the 
forms and characteristics of the form and marking, attributing to the 
color only a secondary importance, on account of its frequent variable- 
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Dess. However, tbere is nothiug absolutely fixed in oatare; the forms 
autl tbe marking, likewise, vary within certain limits. Therefore, the 
descriptions can only be averages deduced from a certain number of 
individuals. 

" Theoretically, the description ought to represent, as it were, the alge- 
braical formula of the species or it« ideal type. It is not required that 
the description should tally with the iudividual, but, on the contrary, 
that it should represent the average of the characteristics of tbe en- 
semble of individuals. But in practice the description can never be so 
perfect, since it is drawn from a certain number of individuals and not 
from the eusembleof theindividualsthat represent the species. It is for 
the reader to know how to seize the counection that exists between tbe 
description and the even heterogeneous individuals which he may have 
beneath his eye. In a word, my method of description aims above all 
at generalizing, and requires that the reader should generalize likewise. 
It cannot suit much tbe amateur inclined to lose himself in a mnlti- 
plicity of details, for whom the collection takes the place of nature, and 
for whom the determtnattou of an individual is the final purpose of the 
study of a species. 

"From the principles just laid down it follows that, iu tbe extreme 
sabdivisions of genera, I have usually preferred the characteristics 
taken from the form to those taken from the color. UuduubCedly it is 
less conveoientfor the reader, for tbe natural method is always less caoy 
to follow than the empirical system ; nevertheless I think that it is pref- 
erable to proceed in that wise, for whatever may be done to seek the 
natural method a large portion of empiricism is sure to remain,a8l shall 
endeavor to show, in the study concerning the filiation of the species. 
We cannot, therefore, eliminate too carefully from classification, empiri- 
cal elements. 

" It is necessary to observe on this head that no absolute rule can be 
laid down as to the insubordination of characteristics. To be sure, 
forms varying less than colors, they offer, in general, characteristics 
more important than the latter ; but there is, however, now and then a 
case in which tbe colors are more fixed than certain forms, and assume 
a real importance ; for instance, as being the sbimp peculiar to a certain 
geographical zone. Thus, the division Uypodynervs, (genus Odynerus,) 
which depends greatly on the colors and facies, and whictt comprises tbe 
most divergent forms. In this case the livery becomes the casket of a 
fiiuna, and is very important. In the succession of species it is gener- 
ally observed that the colors vary much even when the Ibrms remain 
fixed (or vary less ;) but there are other cases in which it is color that 
remains stationary while tbe forms vary." 

In tbe Smithsonian report for 1858, a paper was published on the 
method of coUecting and preserving insects, prepared by Baron Osten 
Sacken, of tbe Bussian legation, wi)b contributions by other emineut 
entomologists, which has rendered valuable service in the way of 
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awakeoiDg an interest in entomology, and in facilitating the collecting 
of specimens. It was, however, not stereotyped; and as the metliods 
of gathering and preserviDg insects have been much improved since the 
date of its preparation, it has been thought advisable to request Dr. A. 
S. Packard, jr., a leading authority on entomology, to furnish » new 
treatise on the same subject. In compliance with this request he has 
prepared a work corresponding with the present state of onr knowledge. 
This work was published during the past year, and forms an octavo 
pamphlet of 58 pages, with 55 illustrations. 

Two other articles, which will form parts of the eleventh volume of 
the Miscellaneous Collections, and will constitute a part of the series 
for facilitatiug the study of certain hrancbes of natural history, are 
B continuation of works previously prepared by Dr. John Le Conte, 
of Philadelphia, on the North American Coleoptera, and published by 
the Institntion. One of these consists of a description of new species 
of coleoptera, described since the publication of the first work on the 
same subject, and the other n supplement of the "Classification of the 
coleoptera of North America." The object of these works, as far as they 
relate to the genera of coleoptera, is to enable those who have a desire 
beyond that of merely collecting specimens to acquire sufficient infor- 
mation to enable them to consult with profit the various works in which 
are contained the descriptions of the species. The parts now printed 
comprise one hundred and forty pages, and will be followed by ot,ber 
supplements, descriptive of snch other i^pecies as may be obtaine^l from 
Smithsonian collaborators and other sources. 

In the report for 1856, is given a plan by the late Mr. Charles Babbage, 
of London, of a series of tables to be entitled the " Constants of Nature 
and Art." These tables were to contain all the facts which can be ex- 
pressed by numbers, in the various sciences and arts, snch as the atomic 
weight of bodies, specific gravity, elasticity, specific heat, conductiug 
power, melting point, weight of different gases, liquids, and solids, 
strength of different materials, velocity of sound, of cannon-balls, of elec- 
tricity, of light, of flight of birds and speed of animals, list of refractive 
iudices, dispersive indices, polarizing angles, &c. 

The value of snch a work, as an aid to original investigation, as well 
as in the application of science to the useful arts, can scarcely be esti- 
mated. To carry out the idea fblly, however, would require much labor 
and perhaps the united effort of different iustitntiona and individuals,, 
devoted to special hues of research. Any part of the entire plan, may, 
however, be completed in itself, and will have a proportionate value to 
that of the whole. The Institution commenced about fifteen years ago 
to collect materials on several of the points of this general plan, under 
the direction of Professors John and Joseph LeOonte, then of the Uni- 
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versity of Sontb Caroliua, now of the tTniversity of CaHforaia. The 
oucarrence of the wnr, however, iDterropted the worb, which haa not 
since been resumed until the present year, when an offer was made by 
ProiteHsor P. W, Clarke, of Boston, of a series of tables on specific gravi- 
ties, boiling-points, and melttng-points of bodies, compiled from the 
best anthoFities. This offer was accepted, and the work has Ijeen printed. 
It embraces all the reliable material in the English, French, German, and 
Italian languages on the foregoing subjects, with the exception of the 
si>e<;ific gravity of solutions, for \which reference is made to Storer's 
Dictionary of Solubilities, a work which will form part of the same gen- 
eral plan and ought to have been published by the Institution, bat un- 
fortunately at the time it was offered for this purpose our funds were not 
in a condition to defray the expense of printing. It has since been pub- 
lished as a private enterprise, and ia highly prized by the working 
chemist. 

Professor Clarke is still engaged on the same general subject, and 
proposes to extend his compilation of tables to include those of specific 
beat, conductivity of heat, thermal expansibility, and thermo-chemical 
equations for solids and liquids. This beginning we trust will induce 
other members of the corps of the Smithsonian collaborators to under- 
take other parts of the general plan of the constants of nature and art, 
to be published, from time to time, as they may be prepared. The work 
being stereotyped, the several parts can be finally combined and arranged 
as portions of a whole, whatever may be the order of their publicatiou. 

Among the "miscellaneous" publications during the year was tbe first 
lectui-e of the course founded by Dr. J. iil. Toner, of Washington, by 
Dr. J. J. Woodward, assistant surgeon, United States Army, "0» the 
structure of cancerous tumors, and the mode in which adjacent parts 
are invaded." In the report for 1872 an acconnt was given of this fund 
established by Dr. Toner, the interest to be applied for at least two lec- 
tures or essays annually, relative to some branch of medical science, 
and containing some new truth l>iUy established by experiment or obser- 
vation. As these lectures are intended to increase and diffuse knowledge, 
they have been accepted for publication in the "Smithsonian Miscella- 
neous Collections." 

It was stated in the last report that Congress had adjourned without 
ordering extra copies of the report for 1871. At tbe beginning of the 
next session, however, a resolution was adopted directing the printing, 
as usual, of 12,500 copies. An equal number of tbe report for 1S73 
was also ordered at the same session ; 2,500 for the use of tbe Senate, 
6,000 for the House of Representatives, and 5,000 for the Institution. 
This volume contains, besides the report of the secretary on the opera- 
tions of the Institution for the year 1872, the report of the executive 
committee and journal of proceedings of the Board of Begents, the usual 
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^pendix of scientific papers, connnanicatioDS, traDsIatioos, &e., of 
special iateresC to the meteorologioal obaervers, teachers, and scieutiflc 
correspondents of the lastitation. 

Among these articles is a lecture by Prof. A. P. Peabody, on the 
scieutlBc education of mechanics and artisans ; aboriginal tra<le and 
North American stone implemeut^, by Ohas. R»n ; optical mineralogy, 
byBrezina; the troglodytes of the V^zfere, by Paul do Broca; organic 
bases, by Bauer; bonadary of geology and history, by Suess; phe- 
nomeua observed in telegraphic lines, by Donati; nitrogen and its 
componnds, by Kletzinski ; biographical notice of Lartet, by Fischer ; 
ealogy on Ampere, by Arago ; lecture on the meteorology of Itnssia, 
by Dr. Woeibof, and a large number of original communications rela- 
tive to antiquities in varions parts of the United States, &c. In this 
volume may also be found a full account of the Bache bequest, the 
Tyndall truat-fund for the advance of science, the Oorcoran art-gallery, 
the Toner foundation, and the Hamilton bequest. 

EXCHANGES. 

The system of international exchanges, which has now been in opera- 
tion for upward of twenty years, has been prosecuted dnring the last 
year with increased eflBciency. It now includes 2,145 foreign institu- 
tions to which packages of books or specimens are sent and from which 
others are received. In the case of the system of exchanges, as in all 
the other operationsof the Smithsonian establishment, the tendency is to 
an enlargement beyond the means at our command. Although, through 
the liberality of the several steamship companies, the packages are 
transmitted across the Atlantic free of cost, yet the expense of sending 
them to Xew York and from the sea-board to the centers of distribution 
in Europe, together with the payment of the several agents, has become 
BO great that a much further extension of the system cannot be made 
without aid from other sources. 

The system is, however, of so much importance, not only in rendering 
known what is done in the United States in the way of advancing liter- 
atare and science to the world abroad, but also in <liffo8ing a knowledge 
extensively through thisconntry of the progress of science in the various 
parts of the Old World, that any check in its natural increase would 
be greatly to be deplored. It has, therefore, been suggested that an 
appeal be made to the various parties most interested! in the contin- 
nance and enlargement of this system for a small annual contribution 
toward its future support and still more efficient management. Indeed, 
the benefit which the Institution is conferring, through this system, upon 
the parties most interested, appears in many cases to have ceaseil to be 
properly appreciated. They receive the advantages which fiow from it 
aa a matter of course, as they do those of the free air, and not as a gratnity 
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from tbe Smitbson faod, the importance of wbiob cnu only be properly 
appreciated by a deprivatioo of it for a sbort time. We iorer this from 
tbe fuel of tbe character of the complaiots we freqiieotly receive oa ac- 
count of accidental delay in packages reachiug their destination, al- 
thoufrh in some instances the delay may bavc been occasioned by a want 
of proper directions on tbe part of the senders of the packages. 

The centers of reception and distribution of European exchanges still 
continue the same as given in previous reports, viz: London, Paris, 
Leipsic, Amsterdam, St. Petersburg, Milan, with tbe addition of one at 
Brussels. The agency at London has for many years been in charge of 
Mr. William Wesley, whose fidelity and unremitted attention to the trust 
entitle him to an appreciative acknowledgment of tbe Board of Regents, 
and the same may be said of Dr. Felix FlUgel, of Leipsic, and Mr. G. 
Bossange, of Paris. The center at St. Petersburg is under the charge 
of 'L. Watkins & Co., booksellers, and that at Amsterdam under Mr. 
Pred. Mdller, who have efficiently contributed to the success of the 
enterprise in these countries. The center in Italy is under the charge 
of U. Hcepli, as agent tor the Boyal Institute of Milan. 

The expense of transportation is very much increased by sending single 
packages separately, and therefore, whenever [wssible, without undue 
delay, ecouoiny is consulted by transmitting the exchanges at regular 
periods in larger numbers. Arrangements have been made so that 
invoices of packages are forwarded from this country at least oncea 
month, except in the mouths of August, September, and October. 

The following table exhibits tbe number of establishments in each 
country with which the Smithsonian is at present iu correspondence : 



Sweden 25 

Norway '.... 23 

Denmark 29 

Russia 157 

Holland 6o 

Germany 587 

Switzerland 68 

Belgium 127 

Prance 257 

Italy 167 

Portngal 21 

Spain 12 

Great Britain and Ireland.. 412 

Greece 7 



Turkey , 
Africa . . . 



11 



Australia 

New Zealand 

Polynesia 

Sooth America . . . 

West Indies 

Mexico 

Central America . 
British America.. 
General 



Total 2,145 



As in previous years, tbe Institution has received important aid tmm 
various steamer and railroad lines in the way of free freights, without 
which the expense of carrying on the system would be far beyond tbe 
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means at command. Ackoowledgmeat is again dae for th« liberality' 
of the following companies : 



Pacific Mail Steamship Company, 
Panama Bailroad Company, 
PaciBc Steam Navigation Comp'ny, 
New Yort and Mexico Steamship 

Company, 
New York and Brazil Steamship 

Company, 
North German Lloyds Steamship 

Company, 

We present the foregoing list with much pleasure, not ouly as an 
acknowledgment of the liberality of the companies mentioned, but also 
as a very gratifying illastration of the high appreciation of the opera- 
tions of the Institution. 



Hamburg American Packet Com- 
pany, 
French Transatlantic Company, 
Kortb Bnltic Lloyds Steamship 

Company, 
loman Steamship Company, 
Cunard Steamship Company, 
Anchor Steamship Company. 



The anion of the library of the Institution with that of Congress still 
continues to be productive of important resalts. The Smithsoo fund 
is relieved by this arrangement from the maintenance of a separate 
library, while at the same time the Institution has not only the free use 
of its own books, but also those of the library of Congress. On the 
other band, the collection of books owned by Congress would not be 
worthy the name of a national library were it not for the Smithsonian 
deposit. The books which it receives from this source are eminently 
those which exhibit the progress of the world in civilization, and are 
emphatically those essential to tbe contemporaneons advance of our 
countrj' in the higher science of the day. The collection of books 
now in the library of Congress is over a quarter of a million, and, with 
the present rate of increase, in less than twenty years will he double 
that namber. 

To accommodate this immense collection. Congress has in contempla- 
tion tbe construction of a new building, and has authorized a commis- 
sion to select plana and to supervise the location and erectiou of an 
edifice. 

Statqnent of the Itooka, maps, and charts received by exchange in 1873. 

Volumes : 

Quarto, or larger 256 



Octavo, or less.. 



633 



Parts of volumes : 

Quarto, or larger 1,467 

Octavo, or less 1,407 

^; — 2,874 
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Pampblets : * 

Quarto, or larger 326 

Octavo, or lesa v 1,154 

1,480 

Maps and cbarts 454 

Total receipts 5,697 

Some of the most importimt donations received in 1873 are as follows : 

From the Emperor of Germany : The fiasco paintings of W. von 
Kaulbach in the interior stair-case of the Royal Mnseam at Ber- 
lin; 12part«; imp. folio; oblong; 1853-1871. Sehasler, (Dr. M.,) Die 
Wandgem^lde Williclm v. Kaulbach im nenen museum zu Berlin ; 1 
vol., 4co. Schueider, Der Konighche Kronen-Orden ; 1871, 4to. 
Schneider, Das Buch vom Schwarzen Adler-Ordeu ; 1870, 4to. Schnei- 
der, Das Buch vom Eisernea Kreoze; 1872, 4to. Schneider, Das Ver- 
dienst Kreuz; 1872, 4to. Schneider, Die KTiegsdenkmQnze tiir den 
Feldzng; 1S70, 1871, 1872, 4to. Haack, Skizzen aus dem Feldznge ge- 
gen Frankreich; 1870, 1871, 4to. Schneider, Der Bothe Adier-Onlen; 
186S,4to. Hans Bnrgbmaiers Turn ier- Bach. Dilrer-Album, Herausge- 
gebcn von W. v. Kaulbach and A. Kreling ; folio. 

From the Royal Academy of Sciences, Lisbon : 45 vols, and 12 parts; 
continuation of memoirs and other publications of the ncademy. 

Frou] the Catholic University of Louvain : "Annales," 10 volumes, 
4to. ; "Aunuaire," 3 volumes and 17 theses. 

Prom the government of Bengal: Descriptive ethnology of Bengal, 
llUiatrated by lithogi-apb- portraits copied from photographs. Calcutta, 
1872, 4to. 

From the War Department, Vienna : 384 charts. 

From Prof. Edward Morren, Li^e : Bulletin de la F^d^ration des 8o- 
ciet^s d'Horticnlture, 1860-1871, 13 vols. ; Journal d' Agriculture pra- 
tique, vols. I-X; Bulletin do Congr^s International de Botaniqae et 
d'Horticultare, 1865; La Belgique Horticole, 1871, 1872, &c. 

Prom His Highness, Ismael I, Khedive of Egypt: Album du Mus^ 
du Bouliiq, comprenant quarante planches photographi^es par MM. D6- 
li6 et B^chard avec un texte explicatif r6dig4 par Augnst© Mariette 
Bey. Le Cairo, 1871 ; folio. 

From the It^'ational University, Athens, Greece : Catalogue of Ancient 
Coins; vol. 1, 4to. (Greek.) 

Prom the University of Halle: 77 pamphlets; inaugural disserta- 
tions. 

From the University of Greifswald : 70 inaugural dissertations. 

From the University of Erlangen : 27 inaugural dissertations. 

From Prof. K. Koch, Berlin : 50 inaugural dissertations. 

From the Italian government, Rome : 41 volumes, 62 pamphlets, gov- 
ernment publications. 
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From tbe govemmeQt of Belgiam : 16 volumes and 3 pamphlets, gov- 
enimeat pablications. 

From the Soci6t6 de G^ograpbie, Paris : Voyage d'Exploration iu In- 
do-Gfaiue, 1866, 1867, 18G8 ; vols. 1, 2 } atlaa 1, 2, 1873 ; folio, and " Bul- 
letin" for 1873. 

Prom Mr. William Blackmore, London: Portfolio of photograpbs of 
some of the principal objects ia the British Museum. 

From Mr. Charles Harrison, London : Chaldean account of the dela^^e, 
from teira-cotta tablets found at Kineveh and now tu the British Mu- 
seum. 

Among the donations of special interest daring tbe past year is tbe pho- 
tographic album of tbe museum at Boulaq, Egypt, coutaining forty folio 
plates with an explanatory text by Augaste Mariette Bey, printed at 
Cairo in 1871, and presentedtothelnstitutionby the Khedive of Egypt, 
through the application of Gen. Stone. Tbiti museum is situated ou 
the borders of the Kile, near Cairo, and consists of a collection of all tbe 
antiqaities that have been discovered of late ycEirs in Egypt. , 

After tbe immense Dumber of antiijuities which have been taken from 
that country to enrich all the principal museums of the civilized world, 
it is astonishing to observe how much remains, and how much by tbe 
enlightened munificence of the present ruler of Egypt has been preserved. 

Ten of tbe plates of this album exhibit the statues of the Egj-ptiati. 
gods, nearly four hundred in number. Tbe next division, consisting of 
seven plates, illustrates the funeral monuments. The next division is 
that of the civil monuments; these relate to their everyday life, thotr 
maimers, customs, and arts. The next illustrates the historical remains. 
Tbe last division is that of the Greek and lk>man moouments. 

Another work of great beauty and interest is that published by Mrs. 
Caroline E. G. Peale, the widow of Franklin Peale, of Pbiladolpbia, as a 
memorial of her lamented husband. It consists of a series of beautiful 
photograph illustrations of specimens of the stone age of tbe human race, 
collected and arranged by Mr. Peale himself, with a catalogue and intro- 
duction, and a reprint of the various communications made by him to 
the American Philosophical Society. 

This work is a valuable cootribution to the ethnology of the United 
States. Tbe photographs are among the best specimens of the art 
which have been produced in this country, and exhibit tbe specimens 
with such minnleness and fidelity as to serve to the student in archaeol- 
ogy almost as a complete substitute for the specimens themselves. 
This work is truly a re&ned and intellectaal tribute by an affectionate 
wife to the memory of her deceased husband — a tribute far more appro- 
priate, and far more interesting to tbe public, than an unattestiug mon> 
ument of marble or of Xtroaze. As human cnlture advances, tbe material 
mementos which only address the eye are replaced by those which are 
almost purely of an intellectual character. 
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MBTEOEOLOGT. 

Id 1850 tbe Smithsonian Institution published ao extended series or 
investigations in regard to the winds of North America, by Professor J. 
H. Coffin, of Lafayette College, Easton, Pennsylvania. In the produc- 
tion of this work Professor Coffin was assisted by the InBtitntion in 
famishing materials from its collections, and fuudsto defray tbe expense 
of tbe arithmetical calculations from the income of tbe Smithson bequest, 
tbe labors of tbe professor himself being gratuttoas. Since the publi- 
cation of this work, wbiuh has been largely made use of by tbe British 
board of trade in CQnstructing its wind charts of the northern oceans, 
and by different authors in compiling and elaborating special treatises 
on meteorology, the Institation has continued to collect new materials 
in regard to the winds of the earth, and instead of elaborating from 
these a supplement to the previous treatise ou the winds of the northern 
hemisphere, it was concluded to adopt tbe plan proposed by Professor 
Coffin of making a discussion of the winds of both hemispheres. The 
materials for this discassion are : First, all the observations reported to 
the Smithsonian Institution from 1856 to 1870 ; second, all those made 
at the United States military posts ; third, all those at sea collected at 
tbe United States Naval Observatory by Gapt. Manry; fourth, all those 
taken at sea in the Arctic and Antarctic regions; fifth, those at several 
hundred stations in other parts of the globe. 

The greatest labor of the work was principally finished by Professor 
Goffin, when science and humanity were called to mourn the de»tb of 
this most highly esteemed collaborator of the Institotion. Tbe continn- 
ation, however, of the tables was undertaken by the son of our lamented 
friend, Prof. S. J. Coffin, who has completed this work with that con- 
scientious sentiment of filial reverence which well becomes the appreci- 
ative successor of so worthy a father. Very little, however, was finished 
by the elder Professor Coffiu in the way of expressing, in general proposi- 
tions, the results contained in the vast amoant of numerical tables which 
he had elaborated. To supply this deficiency, fortunately, the Instita- 
tion was enabled to avail itself of the assistance of Dr. Woeikof, member 
of the Geographical Society of Russia and late secretary of its meteoro- 
logic.ll commission, who, visiting this country for the study of its climat- 
ology, cheerfully undertook tbe required work. This gentleman is now 
engaged in adding the result of some new materials to the tables and in 
preparing the deductions from them for publication. The work, when 
finished, will do honor to tbe industry and scientific reputation of Pro- 
fessor Coffin and to the policy of the Smithsonian Institution. 

The work of the reduction of temperatures has been prosecuted during 
the past year as rapidly as our means will permit. The labor, however, 
is very great, and consequently the work must be slow, unless a larger 
force be put upon it. The observations are not confined to those which 
have t>een made immediately under the direction of tbe Smithsonian In- 
stitution, but also include alt those relative to North America which 
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hnre ever beeo pnblistieil id this conntry or in Euro[>e. Bnt as tliese 
are made not only at differeDt boors of the day, bat also at different 
Dumbers of boars, to reduce tliese all to a fixed number of hours, and to 
dedar« (h>m them thus reduced the mean temperatures required, in- 
volves a far greater amount of labor than if the observations had been 
made in accordance with one system. It vros to facilitate this redaction 
that the prelimiuary tables mentioned in the last report were constructed. 

Complet« tables have been preparedof temperatures for the following: 
Iceland, Greenland, British North America, Alabama, Alaska, Arizona, 
Arkansas, California, Colorado, Dakota, Delaware, Idaho, Indian Ter- 
ritory, Illinois, Montana, Nebraska, Nevada, New Hampshire, New 
Mexico, New York, Maine, Oregon, Utah, West Virginia, Washington 
Territory, Wyoming. 

in addition to this work, tables showing the latitude, longitude, and 
mean annual temperature of all the stations in the United Stat«s were 
prepared for tlie Census Office. 

It has been from the first a part of the policy of this Institution to 
devote its energies to no field of research which can be as well culti- 
vated by other means; and the United States Government having 
established a system of meteorological observations, and having made 
Uberal appropriation for its support, it has been thought, as was stated 
in the last report, for the best interest of the science to transfer the 
system of meteorological observations which has been so long continued 
by the Institution to that of the War Department, nnder the Chief i:}ig- 
nal'Officer, General Myer, 

The propriety of this transfer will be evident from the fact that the 
Institution has not the means ot paying for printing blanks, postage, and 
the calculation and monthly publication of the results, especially since 
the assistauce which has heretofore been rendered in this way, by the 
Department of Agriculture, is now discontinued ; furthermore. General 
Myer can combine these observations with those made with standard 
instruments now under his charge, and out of the whole form a more 
extended and harmonious system than any at present in existence. 

This transfer, which has just been made, we trust will meet the appro- 
bation of the observers generally, aud we hope they will continue their 
volontary co-operation, not with the expectation of being fully repaid 
for their unremitted labor, in many eases for a long series of years, but 
from the gratification which must result from the consciousness of hav- 
ing contributed to increase the sum of bnman knowledge. We trust 
also that the observers will continue to cherish an interest in the welfare 
and progress of the Smithsonian Institution, while, on our part, we shall 
in all cases, and at all times, be pleased to continue to answer any com- 
munication which may be addressed to us by them on scientific subjects. 

We shall retain all the records of observations which have been ac- 
cumulating at the Institution during the last twenty-five years, and 
continue the work of their redaction and discussion up to the end of 
the year 1873. , ^ ., , GoO'jIc 
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TELEGBAPHIO AfiNODItOEUENTS OF A&TBONOMICAL DI8C0TEBIES: 

During the past >'enr a very important arraogement has been con- 
cluded between the Smithsonian Institatiuu and the Atlantic cable com- 
panies, b; nbicb is gnaranteed the free traDBuiission by telegraph be- 
tween Europe and America of accounts of astronomical discoveries, 
which, for the porpose of co-operative observation, require immediate 
aanonnceuient. 

Among such discoveries are those of planets and comets, or of bodies 
which are generally so fiiint as not to be seen except through the tele- 
scope ; and which being in motion, their place in the heavens must be 
made Ituowu to the distant observer before they so far change their posi- 
tion as not to be readily found. For this purpose the ordinary mail- 
conveyance, requiring at least ten days, ia too stow, since in that time the 
body will have so far changed its position as not to he found except 
with great diCQculty; and this change will become the greater if tbe 
body is a very faint one, for in that case it could only be discovered on 
a night free from moonlight, which of necessity, in ten or twelve days, 
must be followed by nights on which the sky is illuminated by the moon, 
and all attempts to discover the object would have to be postponed until 
the recurrence of a dark night. Indeed, even then the search often 
proves in vain ; and it is not, in some cases, until after a stit of approxi- 
mate elements are calculated and transmitted, that the astronomers on 
the two sides of the Atlantic are able fully to cooperate with each other. 

These difficulties were discussed by some of the principal astrouomers 
of Europe, and an application was made to the Smithsonian Institution, 
through Dr. C. H. F. Peters, of Hamilton College, Now York, to remove 
them, by transmitting intelligence immediately through the Atlantic tele- 
graph cable. For this purpose the Institution applied to the New York, 
Newfoundland and London Telegraph and to the Western Union Tele- 
graph Companies to be allowed free transmission of this kind of intelli- 
gence, and it has received, through Cyrus W, Field, esq., and William 
Orton, esq., with that liberality which has always attended appliciitions 
of a similar character by the Institution, the free use of all the lines of 
these companies for the object in question. 

Similar privileges have been granted for transmitting the intelligence 
between the principal centers of astronomical research in Europe and 
the eastern ends of the Atlantic cables. 

Although the discovery of planets and comets will probably be the 
principal subject of the cable-telegrams, yet it is not intended to restrict 
the transmission of intelligence solely to that class of observation. 
Any remarkable solar phenomenon presenting itself suddenly in Eu- 
rope, observations of which may he practicable in America several hours 
after the sun has set to the European observer ; the sudden outburst of 
some variable star, similar to that which appeared in Corona borealit 
in 1866; anoxpected showera of shooting-stars, &c., would be proper 
autyects for transmission by cable. 
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The ftnuonDcemeDt of tbis arrangement has called fortb the api^roba- 
taoD of the astronomers of the world ; and in tVgard to it we may qaote 
tlie following passage from the finy-fourth snuual report of the Royal 
Astrouonucal Society of England : 

■'The great value of this concession on the part of the Atlantic telegraph 
and other companies cannot be t^>o highly prized, and our science must 
certainly be the gainer by this disinterested act of liberality. Already 
planets discovered in America have been observed in Europe on the 
evening following the receipt of the telegram, or within two or three 
days of their discovery." 

To carry out the proposition, the following arrangements have been 
adopted : 

Center of commuttieatioH in the United States : 

1. The Smithsonian Institution, Joseph Henry, director. 

Centers of communication in Europe : 

1. Greenwich Observatory, Sir George B. Airy, astronomer-royal. 

2. Paris Observatory, M. Leverrier. director. 

3. Berlin Obaervatorj-, Prof. W. Poerster, director. 

4. Vienna Observatory, Academy of Sciences, Prof, von Littrow, 

director. 
6. Pulkova Observatorj-, M, StruviJ, director. 
Telegrams received at the Smithsonian lustitntioQ from observers in 
the Uuited States will be forwarded immediately by Atlantic cable to 
Greenwich, Paris, Berlin, Vienna, and Pulkova, and thence l>y telegraph 
to other observatories in Europe, 

Directions. — Discoveries made in Europe of new comets, planets, &c., 
will be announced without delay from Greenwich, Paris, Berlin, Vienna, 
or Pulkova by Atlantic cable to the Smithsonian Institution, and thence 
by telegraph to American observatories and the Associated Press. 

The telegraphic dispatch anoonncing a discovery should be as brief 
as possible; and, after conference with astronomers, the following form 
has been agreed upon : 
After the single word " planet " (or " comet ") is given, 

(1st) its right ascension in time, hours and minutes only ; next, 

separated by the word 
(2d) north or south, is given its 
(3d) declination to the nearest minute. 
In the case of a planet, in addition to the foregoing follows finally the 
magnitude expressed by the nearest ordinal number. Id the case of a 
eomet follows the word bright or faint, and it is well to add the direction 
of motion, requiring at the utmost two words combined, of S. W. N, E.; 
and also, if rapid, the quantity of its daily motion, the latter to the 
nearest whole number in degrees. For example, the following dispatch, 
''Planet twenty-three thirty-flve north twenty-one forty-six eleventh," 
would be interpreted : A new planet is discovered in 23'' So" of right 
ascension and +21° 46' of decliuation ; eleventh magnitude. 
Or adispatch like the following : " Oomet twenty-two forty -three north 
3 s 
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sixty-five tliirty-one bright sontheast three," wonld SDnonnce the ctiecoT- 
ery of a bright comet iu right aseeusioa 22" id'"; decliuatiou + G5°31'; 
the declinatiou decreasing, right ascension increasing, daily motioo about 
three degrees. 

The preoediug examples contain the greateot namber of words re- 
Qtiired for any one diapatch, if composed according to the rule adopted. 
Usually they will not exceed ten. Sometimes, however, the dispatch 
thus composed woald become equivocal, and it has therefore been estab- 
lished as an additional rule that the number expressing the minutes of 
right ascension or declination shall always be expressed in words, even 
when zero occurs. Therefore, 23'' O" should be written " twenty;three 
nought," while "twenty three" will be anderstood to mean 20" 3". In 
ft similar way 0" of right ascension or 0° of declination are to be dis- 
tinctly expressed by the word '^nought," 

The right ascension and declination in the dispatch will be understood 
to give the position (by proper motion approximately reduced) for the 
flttdnuifet /oJIoux'rur the date of the dispatch : Washington time for Amer- 
ican discoveries, Greenwich time for European. 

Since, in conformity with the preceding arti.cle, only an approximate 
estimate of a later position, and not that of the first observation itself, 
is given, the dispatch is not to be considered as a document for deciding 
the question of priority of discovery. 

We trust the time is not distant wben, with the completion of a tele- 
graphic o^ble between Japan and the United States, this system will be 
extended to the eastern part of Asia, aud the astronomers who are now 
in process of education in the United States, both from China and Japan, 
will be able to participate in the facUities thus offered for co-operation in 
the advance of astronomy. In connection with the publication of this cir- 
cular, the Kational Academy of Sciences, at its meeting on the l5th of 
April, adopted a resolution recommending that amateur astronomers de- 
vote aportioo of their time to sweeping thesky forthediscovery of comets. 

The following is a list of the announcements during 1873 : 
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ITATIONAL MTTSEUU. 

Tbc appropriation \^ Congress of $15,000 for tbe support and exhibi- 
tion of tbe museum wts continued last year. Tliis appropriation, liow- 
crer, was scarcely sufficient to defray the expenses; but as Congress 
tvithin the last two years had also granted 912,000 for heatiug-apparstos, 
and g2o,000 for the fitting up with cases of additional rooms for the 
ai^commodation of the callections, a larger earn than £15,000 was not 
asked for the care of the specimens. Unring the last year a steam- 
heating apparatus has been introduced under the direction of Lewis 
H. Leeds, of New York, heating and ventihiting engineer. The contract 
for the work was awarded to Messrs. Blake & Shotwell, of New York, 
who bare faithfully earned out tbe plan adopted. 

We regret to say, however, that tbe boilers, place<l as they are in tbe 
middle of tbe length of tbe builduig, are scarcely sufGcieut in size to beat 
the extreme ends, and that during tbe coldest weather additional 
apparatus will be required. In the appendix is given a report of the 
engineer, with a plan of the several stories of the building. 

Tbe contract for making cases for the mineralogical department was 
given to John H. Bird, who has executed the work to the entire satis- 
faction of the Institutiou. The contract for coostmcting the cases for 
the large room of the upper story was awarded to John W. SfcKnigbt. 
These cases are of pine, veneered with walnut and bird's-eye maple, 
with large panes of EngUsb plate-glass, and are covered at the top 
and bottom with zinc to render tbem dust-proof. They are much more 
elaborately finished than mnsoum-cases usually are, and this too at a much 
less expense than that of the various cases in other public buildings of this 
city. The plans and specifications of these cases, with a model case, were 
prepared by Prof. H. A. Ward, of Rochester, N. Y., with some modifica- 
tions by Mr. A. Clnss, who has for several years been tbe architect of tbe 
Smithsonian building. Tbe construction of tbe cases by Mr. McEnight 
was completed to the entire satisfaction of Mr. Cluss, the architect, 
not, however, without a complaint on the part of the contractor that 
bis estimate of the cost of the work was far from being at a remuner- 
ative rate. The appropriation was sufficient to complete the cases, but 
not to furnish th«ii with shelves. For this, an additional appropriation 
will be required. It is proposed to devote the large room, which is 200 
feet long and 50 wide by 26 in height, entirely to ethnology, this being 
a branch of science attracting perhaps at the present time more attention 
than almost any other, and of which tbe illustrations at present in the 
general collection of the National Museum are nearly sufficient to fill the 
entire space and are rapidly increasing in nnmber. 

The appropriation of $15,000 for the care of tbe museum has provided 
for the employment of an additional assistant to take charge of the 
mineralogical collections. Tbe person appointed to this position is Dr. 
F. M. Endlicb, of Beading, Pa., who has lately completed bis scientifio 
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studies in GermaDy, at tlie Mining Academy of Freiberg, baving paid 
special attention to tbe blowpipe analyaia of minerals. He bae rendered 
efficient service not only in the armngement of all tbe minerals of the 
museum, but ia making up sets from tUe large number of duplicates for 
distribution to colleges and academies. Previous to tbe employment of 
Dr. Endlicb, tbe duplicate minerals and geological specimens were sent 
to the School of Mines of Columbia College, New York, where they were 
examined and made up into sets for distribution, the minerals by Profes- 
sor Egleston, and the rocks by Professor Newberry. In this line the 
Institntion has done good service to tbe cause of education, and has 
the capacity of doing much more, provided the small amount of funds 
reqaired tor the purpose be granted by Government. 

The appropriation of Congress has also enabled ua to add a perma- 
nent taxidermist to the establishment, Joseph Palmer, from England, 
who has not only mach improved the condition of the mounted speci- 
mens previously in the Institution, but, under the direction of Professor 
Baird, bas added a large number of new specimens, especially a series 
of several hundred plaster casts taken from fresb flsb and painted to 
represent the colored appearance of nature. 

Few persons have any idea of the amount of manual labor necessary 
to properly sustain a museum in a condition fit for public exhibition. 
Heretofore, with the limited amount of money which could be expended 
from the Smithsonian fund, in addition to the $4,0U0 allowed by Con> 
gress, it was impossible to keep tbe specimens in the best condition 
either for critical study or for popular exhibition. The museum, there- 
fore, although it has been an object of great interest to tbe public gen- 
erally, has not been what we trust it will be in the future. 

The following report of Professor Baird, of the additions to the 
mnseum, and the various operations connected with it during the year 
1873, presents satisfactory evidence of prosperity. 

Condition, progress, and operation of the National Museum during the year 
1873. — "Tbe record of theNational Museum for 1873 is highly satisfactory, 
sbowing valuable additions from many parts of the world, and consid- 
erable progress in the way of reducing its contents to order, and making 
them serviceable to tbe cause of science. In no previous year bas tbe 
number of distinct donations been so great, while tbe bulk of tbe parcels 
received bas been almost inconveniently large. The total number of 
entries is 441, from 241 donors, and embraces 680 packages of different 
kinds, tbe similar figures for 1872 being 315, 203, and 544, respectively. 

A list in the appendix wiH show in detail what has been actually 
received, includiug the names of contributors and the nature of tbeir 
donations; the increase being in large part from the collections of 
different Government exploring expeditious, which by law of Congress 
are transferred to tbe Siuitbsouiau Institution for safe-keeping, and also 
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from the contribatioDS of special correapondents of the Institution, and 
by exchange. Nothing hne been added in the way of direct parchases. 
White most targe maseanis, snch aa the British Museain and those of 
Paris, Berlin, and Cambridge, Mass., &c., depend principatty npon pur- 
chases for increasing their collections, the National Maseom, without 
foods at its disposal for such purpose, has not yet felt the need of them ; 
the collections received froio the sources mentioned, free of cost other 
than that of .mere transportation, being quite as great as the means of 
preparation and preservation will allow. 

Id addition to the nomber of donations, the entries in the record- 
books of the mnseum'dariug the year 1873 will indicate approximately 
the extent and nature of the increase ; the total number of entries dar- 
ing the year amounting to 10,604, or 33 per cent, more than those 
of 1872; the largest number, that of birds, amounting to 3,232 spec- 
imens; of fisbes, 2,756; of ethnological specimens, 1,475; and of min- 
erals, 941. Tbts, however, does not represent accurately the num- 
ber of separate specimens, as many objects of the same kind and from 
the same locality are often incladed under a single entry. Many addi- 
tions during the year, especially of shells, minerals, and fishes, are yet 
nniecorded. 

The total number of entries to the end of the year amounts to 187,453, 
filling thirty large folio ledgers. As might be expected, the principal 
soorceH of supply have been from American localities, the United States 
especiallj-,althongh8omeobject8of interest have been received from other 
parts of the world. The special object has been to bring together as com- 
plete an exhibition of the natural history and ethnology of America as tbe 
available means would permit. Should Congress at any future time de- 
cide to increase the scale of operations so as to enable the establishment 
to vie with such museums as those of London, Paris,^erlin, Vienna, &c., 
the framework of the present organization can be readily expanded so 
as to cover a much wider field. .At present tbe available space for 
exhibiting specimens is occupied to its utmost extent, and but a portion 
of tbe collections actually within tbe walls of tbe Institution can be 
exhibited to the public. The remainder, however, are in snch a condi- 
tion as to be available for the study of specialists whenever they may 
find it necessary to examine them. 

For tbe better understanding of the character of tbe collections re- 
. ceived iu 1873, a general sketch is given with reference to the regions 
whence they were derived, to be followed by an enumeration, in syste- 
matic seqaeuce, of those of tbe most importance. 

or comparatively slight extent, yet perhaps of greater interest from 
tAeir historic associations than any others, are the collections made 
daring tbe eventful voyage of the Polaris, onder Captain Hall, to 
the northern regions. This expedition, fitted ont by the Navy Depiirb- 
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meat in pursaance of an act of Oo.ngress, left tbe United States id 
the Bummer of 1871, and sncceeded in reaching tbe latitude of 82° 
16', tbe most northerly point ever attained by civilized man. Little 
was (lone in tbe way of collections nntil after the expedition went 
into winter-quarters iu October, 1871 ; and most of the Bpecimens 
gathered were secured during that winter and the following spring and 
summer. The death of Captain Hall interfered, of conree, materially 
with the scientific work, bnt did not interrupt it, and at the time of the 
damage to tbe vessel by tbe ice, in October, 1872, very extensive col- 
lections had been made under tbe direction of Dr. Bessels, tbe chief of 
tbe scientific corps. These embraced specimens^f the minerals, rocks, 
and fossils of Polaris Bay and other localities, large numbers of slfins 
and skeletons of the musk-ox, (a great desideratum in public museums,) 
and other species of mammals, such as lemmings, seals, &c.; some 
birds and their eggs ; many specimens of marine invertebrates, and a 
complete collection of the insects and plants met with by the party. 
Most of these collections were left on board tbe Polaris wb^i tbe party 
remaining with the vessel went into quarters on shore during the winter 
of lS72-'73; and when the vessel was found to be unseaworthy, and it 
became necessary to build boats to move southward for the purposeof 
tryiogto meet tbe English whalers, it was found impossible to bring away 
more than a small number of tJie objects that had been gathered. Dr. 
Bessels, however, in tbe limited amount of space allotted to him, suc- 
ceeded iu packing a representative aeries of tbe fossils and rocks, and 
some specimens of insects, as also a few objects preserved in alcohol, all 
of which at present occupy a special case in tbe mineral-room at tbe 
west end of the Smithsonian building. 

The absence of fishes in the collections of the Folaris party is very 
remarkable, no specimens of this class of vertebrates having been seen 
by tbe expedition io tbe northern portion of their journey, with the ex- 
ception of s few small fishes in a fresb-water stream, which could not 
be caught, but were supposed to be young salmon. Cetaceans, too, 
were equally absent, the marine mammals being represented only by 
one or two species of seal. 

Proceeding southward, the next region Irom which intei-estiug mate- 
rial has been received during tbe year is that of the Pribylov or fur-seal 
islands of Behriug Sea. Here the collections begun in 1872, on the 
island of Saint Paul, by Mr. Henry W. Elliott, assistant United States 
Treasury agent, were continued by him on the adjacent island of Saint 
George, and embraced a complete representation of the birds, especially 
the aquatic species and their eggs, the skeletons and skulls of the seals 
and some marine invertebrates. These are accompanied by very iul^r- 
esting sketehes of tbe animal life of tbe island, especially of tbe seals 
and walruses, adding much to our knowledge of the habits of this inter- 
esting group of mammals. 
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The weBtemmost portioQ of the cliaia of the Alentian Islands was 
thoroagblf explored daring the year by Mr. William H. Dal), while 
engaged in making a survey of the islands in behalf of the United 
States Coast Survey, his leisure time having been employed in securing 
a wonderfully complete series of specimens for the lifational Mnsenm. 
These covered all departments of natural history, such as various 
mammals, birds and their eggs, insects and plants, and more es- 
pecially marine invertebrates, of which it is believed that many new 
^)ecieB have been obtained. A very prominent feature, however, in Mr. 
Dall's collections, consists in the extensive series of pre-historic objects 
obtained by the exploration of certain burial caves in 0nalaska, which 
throw mnch light npon the past relationships of the Aleutians. Includ- 
ing the ethnological collections made by Mr. Dall during previous years, 
it is believed that no better illustration of the anthropology of that part 
of Alaska could be brought together tban is now within the walls of the 
Institntion. 

A collection of carvings made by the Haidab Indians, of Queen Char- 
lotte's Island, a tribe remarkable for their skill in this branch of art and 
for the variety and grotesqueness of their designs, has been received 
Horn Mr. J. G. Swan, whose contributions also embrace numerous ethno- 
logical and other specimens from Washington Territory, and is accom- 
panied by a memoir, previously noticed in this report. 

From Oregon we have a very remarkable collection of prehistoric 
Temains, many of them of exquisite beauty of workmanship, consisting 
of arrow-points and pestles, bone-carviugs, &c., presented by Mr.-Paul 
B. Schnmacber, of the United States Coast Survey. 

Another valued addition from this part of the country consists of a 
number of specimens of the showt'l, both in skins and entire in alcohol, 
fomisbed by Mr. S. C. Wingard, the United States district attorney at 
Olympia. This mammal, the Aplodontia leporina, is like a muskrat, but 
with a very short tail, and although abundant in a very limited 
locality, is still little known to naturalists; while its peculiarities of 
fonn render it of great interest as an object of study. After many years 
of special effort directed toward securing a supply of these animals for 
the purpose of meeting some urgent calls, the object was finally accom- 
plished by the aid of Mr. Wingard. 

The coast of California has been well represented by the collections 
of Captain C. M. Scammon, of the United States Revenue Marine. This 
gentleman, an active and efQcient officer of the service, has, iu the inter- 
est of science, made use of tbe opportunities furnished by the necessary 
cruises along tbe coast, devoting himself especially to a careful scien- 
tific and practical study of tbe marine mammals, including tbe whales, 
porpoises, seals, sea-otters, &c. With commendable enterprise, be has 
commenced tbe publication, in California, of a large work on this sub- 
ject, which, with its well-executed illustratious, promises to be a complete 
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treatise upon the whale-flsliery and other similar iatereats oq the Padflc 
Ocean, and one that will doubtless be a standard of reference in tlie 
future. 

The collections made by Captain Scammou for bis studies in this de- 
partment have been transmitted by bim from time to time to the Xationat 
Museum, where they constitute one of its most unique and important fea- 
tures. Too much cannot be said in praise of gentlemen like Captain 
Seammon, who, in addition to the routine of their official work, labor 
for the ailvancement of science, and especially where such labor can be 
turned to practical account as in the present instance. 

The United States steamer Tuscarora, under Commander O. E. Bel- 
knap, has been engaged during the summer in making BOiindings in 
the Pacific, from San Francisco toward the Aleutian Islands, with the 
object of determining the proper line for a cable between the United 
States and Japan ; and nnmerous Rpecimeos of sea-bottom, with it« 
microscopic /(luna, were secured, and have been recently transmitted by 
Com. Aminen, of the Bureau of Navigation, in bebalf of the 2favy De- 
partment^ with the request that the Smithsonian Institution would have 
tbem properly investigated and reported upon. 

From the main-land of California collections have been received from 
Dr. J. G. Cooper, of San Francisco, Mr. W. A. Cooper, of Santa Cruz, 
and Dr. Hays, of Santa Barbara, consisting of specimens of birds, 
mammals, &c., of much interest 

By far the most extensive collections received by the Katioual Musenm 
during the year have been the result of Government expeditions in the 
regions west of tbe Missouri. 

The first of these in geographical order, beginning at the north, is that 
of the survey of the boundary between the United States and the British 
territory, prosecuted under the auspices of the State Department, 
and under the direction of Mr. Archibald Campbell as commissioner. 
The proper determination of this boundary, in which Great Britain 
takes part, requires careful astronomical and geodetic work, this being 
conducted by Major Twining in behalf of tbe United States Engi- 
neer Department. The region traversed is one very little known, 
and the commissioner, therefore, as was tbe case during bis survey of 
the western end of this line, took pains to secure the assistance of a 
competent specialist to make the necessary examination in regard to 
the natural-history resources of the country. Dr. Elliott Coues, assist- 
antsurgeon, United States Army, nrhohasbad muehexperienceinsimi- 
lar duties, and who occupies a high rank as a naturalist, was chosen 
as snrgeon to the scientific party, and succeeded, with the assistance 
given bim by tbe commissioner, in making a very large collection of 
specimens in many branches of natural-history, and one especially rich 
in the department of ornithology. 

The line surveyed daring the year extended for several hundred 
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miles west of the Lake of tfae Woods, and will be contiQued in 1874, it 
is hoped, nuder the same auspices, to the sommit of the Bocky Ifoan- 
t^ns or to the junction with the line which, in 1860, bad been extended 
from the Pacifle Ocean eastward. 

The next Goveranient expedition, in geographical position, was one 
sent out by the War Department to protect the exploring and construc- 
tion parties of the yortbern Pacific Bailway, and placed under the com- 
mand of Geo. David S. Stanley. This consisted of a very large force of 
men. some two thoaaaud in all, as being necessary to protect the rail- 
road parties against the threatened attacks of hostile Indians. Kecog- 
niziug the propriety of utilizing so favorable a service in the interest of 
science, when it could be done at so trifling an expense, the Secretary 
of War authorized the appoititmentof acorpsof natnralistsforthe expe- 
dition, and Mr. J. A. Allen was placed in charge of this, with several as- 
sistants. The expedition proceeded westward Irom Fort Bice to the 
Upper Missouri, and crossed some distance beyond the Yellowstone. 
The results of this expedition are very interesting, and would have 
been much more extensive but for tbe necessity of moving in constant 
apprehension of hostile attacks. 

The geographical and ji;eological exploration of the Territories, nnder 
Professor Hayden, furnished the next source of museum supply, the 
researches of himself and parties having extended over parts of Colorado 
and Kew Mexico. These farnished very large collections of fossil re- 
mains, of minerals and rocks, and of objects of natural history generally. 

Tbe exploration of the region west of the bnndredth meridian, under 
the direction of Lieut. George M. Wheeler, of the United States 
Engineers, has also famished a large mass of material, equal in extent 
and general character to that of Professor Hayden, the two parties 
together contributing a very large proportion of tbe general results of 
the year. Thousands of birds and hundreds of mammals, with tons of 
fossil and geological specimens, are counted in the aggregate received 
from tliese two expeditions. 

From tbe explorations of Maj. J. W. Powell, in the caQons of the Oolo- 
rado, most extensive collections have also beeu received; bis survey 
being unique in the great extent and completeness of its ethnological 
representation. In these and the collections of tbe previous summer, 
the National Museum now owes to Major Powell's exertions a most inter* 
esting and extensive representation of the habits, manners, and customs 
of the Ute Indians, including every form of dress and personal adorn- 
ment, of weapons of war and of tbe chase, of household and agricultu- 
ral utensils, specimens of their food in different stages of preparation, 
and whatever else may throw light upon the habits and characteristics 
of one of the most primitive people on the American continent. A 
special feature of this collection is the number and variety of stone 
implements used for various purposes, properly mounted, and showing 
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the mode by which (he koives and arrow-points are attached for every- 
day tute. 

STew Mexico, Arizona, and Utah, are represented largely in the coUec- 
tioD8 of Lieutenant Wheeler, and of Major Powell ; and a collection of 
skins and eg^ of birds, gathered in Southern Arizona, and presented 
by Capt. Charles Bendire, of the United States Cavalry, has also proved 
a very important addition to the treasures of the ronsenm. Captain 
Bendire, while stationed near Tucson, embraced the opportunity to make 
complete collections of eggs of the Arizona birds, and among them are 
many previously unknown to naturalists. With commendable liberality, 
he has presented a series of these to the National Museum, which, from 
their beauty of preparation and rarity, constitute a very acceptable 
donation. 

Among the collections received from the West mnst not be omitted : 
specimens of the salmon, tront, and other fresh-water fishes of the 
Upper Sacramento, gathered by Mr. Livingston Stone, deputy United 
States Commissioner of Fish and Fisheries. This gentleman has been 
engaged for two years on the McClond River, near Moont Shasta, in 
obtaining eggs of the Sacramento salmon for supplying the rivers and 
lakes of the United States with this important food-fisb, and he com- 
bined with liis other duties the seonring of material for a complete 
monograph of the salmonidae of the American continent. He ha5 also 
furnished some interesting ethnological specimens. 

The collections in the regions between the Mississippi Biver and the 
Atlantic, although from no one point of very great extent, have fur- 
nished a considerable aggregate, and are especially rich in objects of 
ethnology, to which special attention has been given during the year. 
The nnmber of donations in this department is very great, and will be 
fonnd recorded in detail in the accompanying list of contributions, the 
principal States represented being Michigan, Ohio, Indiana, Maryland, 
Rhode Island, Maine, &c. 

Among the additions in other departments, we may specially men- 
tion the collection of fishes by Mr. James W. Milner, also an assistant 
of the United States Fish Commission, who hoe had special charge of ' 
ascertaining the character of the fish, and reporting upon the fisheries 
of the great lakes, and of the upper tributaries of the Mississippi. In 
connection with this inquiry, Mr. Milner secured a very complete collec- 
tion of food-fishes of the lakes and of the Ohio River, which, in accord- 
ance with law, have been sent to the National Mnsenm, and, it is hoped, 
will form the basis of a work upon the subject. 

Having referred to the additions to the collections of the National 
Museum from the Pacific coast, we have to record also very important 
contributions from the labors of the United States Commission of Fish 
and Fisheries. 

Of these full series are preserved in the National Museum for investi- 
gation, and the great number of duplicates gathered for that special 



HEPOBT OF THE BECBETABT. 48 

purpose are io the process of being made up into seta for distribatioa 
to colleges aad ocademiea tliroagboat tbe coaotry. So greater aid cao 
be giveo to tbe caase of scientific edacatioa tbaa to furnish snch series 
as these ; and accompanied as they will be by the report of the com- 
mission, ia which these objects ate fully and systematically described, 
they will be much sought after by iostitutioDs sncb as those referred to. 

Ab id previous years, the facilities of tbe commission were eagerly 
embraced by scientific specialists, who spent a greater or less time with 
tbe expedition. Among these may be mentioned Mr. G. Brown Goode 
and Professor Rice, of Wesleyan University, Middletown ; Professor 
J. E. Todd, of Taber OoUege, Iowa ; Professor Nelson, of Delaware Col- 
lege, Ohio ; Dr. P. P. Carpenter, of Montreal ; Mr. S. J. Smith and Mr. 
Thatcher, of ¥ale College, and many others ou the United States steamer 
Blue Light, furuisbed by tbe Navy Department. 

In addition to the collections made at Peak's Island, many interesting 
objects were secured under the commissioner's direction, by Dr. A. S. 
Fackard, on the United States steamer Bache, which the superintendent 
of the coast-survey kindly supplied to the commission for a month, for 
tbe purpose of deep-sea exploration at points of the New England coast 
too remote for tbe services of the Blue Light. Mr. Vinal N. Edwards, 
an agentof thecommi6ston,at Wood's Hole, Massachusetts, also secured 
great numbers of fishes, several of them previously unknown to our 
waters. 

Other collections of the coast-fishes of great interest were furnished 
by Messrs. Middleton, Carmau & Co., of New York, including a species 
of perch, Promicropa gvaau, taken in Saint John's Biver in Florida, 
weighing 750 pounds. A series of the Virginia coast-fishes was also 
received from Mr. Sibley, of Norfolk. 

Mr. 8amuel Powel of Newport, B. I., furnished some very rare species 
of fishes fi'om Narragansett Bay. Others from Staten Island have been 
presented by Mr. Charles Copley. 

In the completion of the account of collections received from the east- 
ern coast of North America, we may mention specimeus of tbe salmon 
family, as salmon, ealmon-trout, and white-fish, from the United States 
BalmoQ-batching establisbment, under tbe charge of Ohas. G. Atkins of 
Bucksport, Me.; from E. M. StUwell, fish commissioner of Maine; &om 
Mr. J. B. Blossom, of Brooklyn ; from Mr. Butter of Frederickton, New 
Brnnswick; andof capelin, fromMr. Delaney of Newfoundland. Of even 
greater interest than any of these, bowerer, were specimens of a gigantic 
cuttle-fish, presented by Archibald Munn, of Harbor Grace, Newfound- 
land. For some years past there have been traditions of the occnrrence 
of giant cuttle-fish, or so called " devil- fish," on our eastern coast, although 
tbe stories commnnicated in regard to them have been considered rather 
fabulous. Duringtheyearl873,however,severalwell-anthenticated cases 
have occurred, and in one instance an animal of this family attacked a 
fishing-boat by throwing two of its arms across it, which, however, the 
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occapants of the boat promptly severed with an ax, and the portioDS thus 
secured were brought into port. Oue of these pieces of an arm meas- 
□red 18 feet in length, and it was estimated that an eqoai length 
remained attached to the body. An entire animal was afterward taken 
in a net, with arms about 30 feet in length. Another of a similar size was 
thrown apon the shore, near Harbor Grace in the winter of 18T2-'73, the 
beak and snckers of which were forwarded to the Smithsonian Instita- 
tion. 

The collections from Mesico received during the year have continued 
to be of mnch importance, especially such as are covered by the contri- 
bations of Professor Sumichrast, who is a resident of the Isthmus of Te- 
huantepec, and has been for many years a valued corFes[H)ndent of the 
Smithsonian Institution. From this gentleman we have received large 
numbers of birds, mammals, and reptiles, the object of most interest 
being the skeleton of the Mexican tapir, an animal until recently but 
very little known. 

From Guatemala an interesting addition consists of a specimen of 
the ocellated turkey, presented by Mr. Sarg, being a species of great 
rarity, and very much superior in beauty to the wild turkey of North 
America. 

A very noteworthy addition to the collection of the Institution was re- 
ceived from Prof. William M. Gabb, who has been engaged in exploring 
certain regions of Costa Bica, in the service of that government and of 
the Oosta Bica Railway. This contribution contains many specimens 
illustrative of the habits and manners of the native tribes of Costa 
Ritja, with a large collection of the birds, mammals, reptiles, fishes, &c., 
the whole forming a very full representation of the zoology aud ethnol- 
ogy of that country- 
Additional contributions, in the way of specimens of the natural his- 
tory of the United States of Colombia, have been received from Gen. 
Stephen A. Hurlhut, late United States minister to that country, and 
from his son, Mr. George H. Hurlbut. To these gentlemen the National 
Museum previously owed the contribution of a skeleton of the tapir of 
the Andes, a species till then known only by a skull in the Paris Mu- 
seum. The more recent donations consist of birds in great variety, and 
other objects. 

Several collections have been received from more southern portions 
of South America, among them an interesting contribation of Peruvian 
antiquities, presented by Mr. W. W. Evans, and a stuffed specimen of 
the tapir of the Andes, from President Moreno, of Ecuador. 

From the West Indies an important contribution consists in skeletons 
and alcoholic specimens of the fish of Cuba, presented by Prof. F. Poey, 
of Havana. Professor Poey is an eminent naturalist, whose writings 
upon the fishes of the West Indies are standard authority, and ho has 
kindly undertaken to supply to the National Museum a complete series 
of Cuban fishes, properly named, to correspond with his own pablica- 
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tlona. Of these, over one hundred species have already been received, 
and others are hereafter expected. 

The flsbes of Bermuda are represented in a collection made hj Mr. 
G. Brown Ooode, in behalf of the Weslej an University at Middletowu, 
by which institution it was presented. 

Other notable additions to the collection of flsbes cousiat in speci- 
mens of the turbot, the sole, and the brill, of Europe, obtained through 
Messrs. Middleton and Uarman, of Kew York, for the purpose of show- 
ing the relationship of these well-known food-fishes with our own. 
These specimens have been cast in plaster, and will shortly be placed 
on exhibition. 

Qnite a number of single specimens of various kinds have been re- 
ceived in exchange from European musenms, although nothing specially 
noteworthy, with the exception, perhaps, of a collection of minerals 
from the salt-mines near Cracow, in Austria, presented by the Univer- 
sity of Cracow, through Professor Att. Of contributions from other 
regions outside of Iforth America, by far the most int«re8tiug represen- 
tation is that of New Zealand, as furnished by the Canterbury Museum 
at Christ Church, in charge of Dr. Jnlius Haast. This embraces sev- 
eral complete skeletons of the giant fossil-birds of New Zealand, spe- 
cies, in comparison with which, the ostrich is but as a chick to a ben, a 
beight'of 15 feet, with other dimensions proportionate, being attained 
by several of the species. There is also in this collection a very good 
series of New Zealand birds and many si>ecimeQS of ethnology in the 
form of implements of stone aod bone, and other objects from the shell- 
beaps of the ancient Maori inhabitants, who were cotemporariea of the 
giant birds, (the moas,) and the remains of whose feasta contain frac- 
tured moa bones in great numbers. 

Sgatematic summartf. — Having thus given an account of the more 
important collections received during the year in their geographical 
relationships, a brief recapitulation by systematic arrangemeut may not 
be uninteresting. 

The department of ethnology is one which has received the most va- 
ried and extended contributions during the year, due largely to the fact 
that special effort has been directed by the Smithsonian Institution in 
tbe way of circulars to correspondents, and otherwise, to* iudace the 
making of such collections, while in preparing instructions to the Gov- 
ernment expeditions this subject has been dwelt upon particularly. 

Beference has already been made to the prehistoric remains collected 
by Mr. Dall in Alaska, and by Mr. Schumacher in Oregon, aud to those 
of more modern times furnished by Mr. Swan from Washington Terri- 
tory and Queen Charlotte's lesland, while the objects brought by M^jor 
Powell from the Colorado Elver, are of unusually great extent and 
value. Every State in the Union, however, has been represented to a 
greater or less extent in the form of stone-axes, pipes, pottery, &c The 
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shell-heaps of Casco Bay were explored by parties connected with the 
United States Fish Commission, and those of Eastern Maine by Lieu- 
tenant Slamm of the Bevenae Service. From foreign localities the most 
interestiug contribution is that of the remains from the shell-heaps of 
the ancient moa-hunters of New Zealand, referred to as contributed by 
Br. Haast. The interest of these localities is heightened by the fact 
that they embrace remains of the gigantic fossil dtnomw, or moa-bird, 
proving that tliia was hunted and eaten by the Maoris. 

Of the mammalia, a special prize has been a complete skeleton of the 
grizzly bear, killed by Lieutenant Carpenter, of Professor Hayden'a ex- 
pedition. Of this animal it is difBcult to obtain good skeletons, and 
the one received was therefore especially acceptable, as it enabled the 
Institution to meet an urgent request on the part of the British archae- 
ologists. Among sundry fossil bones of bears fonnd in Great Britain 
and elsewhere in Europe, are remaius which cannot be satisfactorily re- 
ferred to any European animal; and it has been suggested that prob- 
ably the American grizzly was at one time an inhabitant of Europe, 
and since then exteiminated. The loan of this specimen to a commit- 
tee of the British Association, charged with the investigation of the 
subject may enable them to determine this point. For its better U- 
lustration, however, the Smithsonian Institution added to the grizzly 
a specimen of the barren ground bear of the Arctic region, a very rare 
animal, and of which the only specimens preserved are in the mnseum 
at Washington. It is possibly the Arctic species, rather than the griz- 
zly, which will be found to have the closest relation to the European 
fossil, or cave bear, in this respect exhibiting a parallel to the musk- 
ox, which once inhabited Central Europe, and after the glacial period 
was driven back to the northward by the increasing temperatore of the 
continent, and finally entirely exterminated fttim the Old World, ft 
is now only found living in America and Greenland. 

Two very complete skins of the musk-ox, from Arctic America, have 
been forwarded to the Institution by Mr. William L. Hardesty, of Port 
Sibipson, and their arrival is expected at an early date. The collections 
of the remains of cetaceans, such as the skulls of whales and the skins 
and skeletons of porpoises, &c., trom the California coast, as contri- 
buted by Captain Scammon, have been already mentioned; as also 
that of the ApMontia-l^orina, or showtl, which has been received from 
Mr. S. C. Wingard. 

To Professor Sumichrast, of Tehuantepec, the Institution owes the 
contribution of a skeleton of the tapir of Mexico. 

A complete series of the mammals of Costa Hica and their skulls, fur- 
nished by Professor Gabb, is of great value. 

Among tbe rarest of mammals is included the hairy tapir of the 
Andes, from South America, the only representative of the species 
heretofore being a skull in the Paris Musenm. 

To the Hon. S. A. Hurlbnt, at the time United States minister to 
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Bogota, and to bis son, Qeorge H. Harlbat, tbe Institation owes the 
first com[)lete skeleton of this animal ever obtained; and dnring the 
year 1873 it received n moanted st^in, presented by President Moreno, 
of Ecuador. 

The Museum of Comparative Zoology at Cambridge has furnished, in 
exchange, casts of several crania of mastodons. 

Among the most important contributions in the way of mammals are 
the specimens received from Mr. P. T. Bamum, coDsisting of animals 
vrhich have died in bis extensive menageries in different parts of the 
country, and transmitted to the National Museum from time to time by 
his agents, in compliance with his instructions. Among these may be 
mentioned a Malayan tapir, a Bactrian camel, a dromedary, an African 
panther, the Florida mauatee, the Indian rhinoceros, the mandrill and 
other species, all of them of extreme interest, furnishing both skeletons, 
and skins fit for mounting. 

Of birds the most important collections are those firom the Aleutian 
Islands, received from Messrs. Dall & Elliott, and from the region west 
of the Missouri, from the different Government expeditions already 
^enumerated. Dr. Haast has also supplied many rarities from New 
Zealand. A special acquisition is that of the ocellated tarkey from 
Honduras, presented by Mr. Surg. This is extremely rare in public 
museums, with a market- value, for a good skin, of about $200. 

Other notable contributions are tbe skin of two species of tern or 
mackerel gulls, one the Sterna hngipinnU, from Portland, Me., by Mr. 
Franklin Beuner, and the other Sterna leueoptera, from Wisconsin, pre- 
sented by Dr. T. M. Brewer, both of them the first specimens of their 
respective species hitherto detected in North America. 

A collection of eggs of birds from Arizona, by Captain Bendire, 
has also been referred to, and is of special value. 

Comparatively few reptiles have been received during tbe year; these 
consisting mainly of specimens brought in by the Government expedi- 
tions. We may, however, mention several valuable species from the 
Isthmus of Tefauantepec, sent on by Professor Sumichrast, and from 
Costa Kica by Professor Gabb. 

The list of fishes is very extensive, composed mainly of those brought 
in by the United States Fish Commission. These embrace a very great 
variety, including specimens of sharks, rays, and many notable fish se- 
cured on the coasts of Maine, Massacbnsetts, Uhode Island, &c, as well 
as of sea salmon, lake salmon, white-fish, smelts, capelin, and other va- 
rieties from the waters of California, tbe Great Lakes, tbe Eastern 
States, and the provinces. Many fishes were brought in also by tbe 
Government expeditions, and some have been received from Costa Rica 
through Professor Gabb, and several interesting species from Europe, 
through Messrs. Middletou & Carman, of New York. 

Of special interest in connection with tbe study of the fishes of the 
United States, is a series from Cuba, contributed by Professor Foey, of 
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Havana. This gentleman has contribnted more than two hnnclred spe- 
cies, and others have been promised. 

The fish of Bennnda, collected by Mr. Goode, also tend to complete 
the list of the Atlantic species. Dr. John Edward Gray has presented 
a large number of species of fish, particularly from the Indian Ocean. 

Of the fishes from the interior of of the United States, collections 
have been made of most of the promiaent kinds by Ur. James W. Mil- 
ner, of the United States Fish Commission, while Mr. George Spangler, 
of Slatlisou, Indiana, has famished specimens of the paddle-llsb, shovel- 
headed sturgeon, and other conspicuous varieties. 

Of marine invertebrates, such as star-fishes, shells, Crustacea, worms, 
&c., immense numbers were gathered by the fish commission on the 
eastern coast, and extensive series have also been supplied by Mr. Dall 
from the Aleutian Islands. 

Many plants have been received, including a small but very interesting 
collection made by the Polaris party in high northern latitudes. In ac- 
cordance with an arrangement entered into between the Smithsonian 
Institntion and the Agricultural Department some years ago, the planta 
and insects received at the Kational Museum are turned over to tbo. 
last-mentioned estabUshment for proper care, as rapidly as is consistent 
with the duty of securing reports upon those collections made by the 
Government expeditions. 

In a similar manner human crania received are turned over to the 
Army Medical Museum, the object in both cases being to avoid dividing 
series, by combining alt the specimens of the same general class in some 
one of the various Government establishments in the city. 

The collections in paleontology, mineralogy, and geology, as already 
mentioned, are of great magnitude, and alone have filled many hundred 
boxes. These represent the most important results of the Government 
exploring expeditions. 

Itwill be seen, from what has been already mentioned, that the col- 
lections made during the year represent an enormous aggregate of 
material, and one requiring the utmost exertions of the limited force 
connected with the National Museum, for jta proper treatment. Of course 
a strict record must be kept of everything received ; and when the 
packages are opened and the contents assorted, the work of registering 
and recording begins. Sometimes this .requires the identification of 
the species ; and even the mere mannal labor of numbering and label- 
ing every specimen, and marking the corresponding record in the registry- 
book, is oue of very great magnitude. 

After the respective collections have been properly investigated, and 
in many cases elaborate reports written concerning them, the selection 
of a reserve series for the Museum begins, which are then either placed 
upon the shelves or packed away for future treatment. . The duplicates, 
which constitute a large percentage of the whole, are set aside for ex- 
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oboDge with other museiiuiB or for distriltutioa to edncational institn- 

tiOOB. 

Special effort is directed on the part of the Smithsoniaa Institution 
tovanl cairyiog out this feature of the pliiu io the most tlioroagh 
manner; and while the distribution thus made in 1873 has been very 
extenftive, that for 1874 will lie even greater stilf. 

It is in this particular feature that the National Museum of the United 
States differs from almost any other in the world, excepting, perhaps, 
in a single direction only, the Government Geological Museum at Vienna. 

Id most other museums single specimens ouly of objects are offered 
or accepted, especially of such as are cew to the cabinet, the labor of 
digesting the reaulta of great expeditions being accomplished ander 
other auspices, no plan being adopted to utilize any narplus, io any 
other interest tbau that of the establishment itself. The British Ma- 
senm, for instance, which stands at the head of all institutions of this 
kind, never parts with a duplicate, and is oppressed by the weight of its 
snrplns material, even though in small proportion to the reserve colleo- 
tion. 

It is a question whether any museum in the world is id receipt of so 
great an amount of material as the Xationa) Museum at Washingt^tu ; 
and were the rnle of the British Museum to prevail it would be emsbed 
by the weight of its own riches. The constant efibrt, however, on the 
part of the Smithsonian Institution to utilize this material in the interest 
of science and education, tends to keep down the mass, though it is 
only at the expense of the incessant activity and constant labor r^ the 
Museum force that this object is in any measnre accomplished. 

In most pnblic museums there is a corps of specialists whose business 
it is to supervise all the collections received, the British Museum hav- 
ing a large force of sncb ofBoers. The fnnds available for the National 
Museum of the United States do not authorize the appointment of such 
officers, although some of the present assistants are prominent ^leoial- 
ists in certain branches. In order, therefore, to secure the prompt de- 
termination of the material received, and the consequent speedy dis- 
posal of the duplicates, the offers of assistance from eminent scientists, so 
freqaently made, are gladly accepted, and the material placed in their 
hands for investigntion. During the year this labor has been performed, 
always gratuitously, by a number of gentlemen, among whom may be 
mentioned Prof. E. D. Cope as employed in the investigation of the fos- 
sil mammals ; Dr. Cones, Mr. Ji A. Allen, and hlr. Bldgway on that of 
the birds ; Professor Cope, of the reptiles; Dr. Uill, Professor Goode, 
and Mr. J. W. Milner, of the fishes; Mr. P. B. Uhler, Mr. William H. 
Edwards, Dr. A. S. Packard, Mr. Cyras Thomas, and Dr. L. Le Conte, 
of the insects ; and Mr. William Q. Bioney and others, of the shells. 

Professor Yerrill has undertaken the determination of the collection 
of marine invertebrates obtained fVom the waters of the east coast of 
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Professor Hyatt, aud other geotlemeu, while Prof. D. Eaton has identi- 
fied the marine plauts. To these gentlemeD, the thanks of the Institu- 
tion are due for their estremely valuable services in the connection re- 
ferred to. 

On the transfer of the large namber of ethnological objects from the 
lower hail and the connecting range to tbe new room In the second story, 
much space will be gained for tbe re-arraitgemeat of the zoological 
collections, and au opportunity will be giveu for introduciug many 
species which are now necessarily kept elsewhere, for tbe want of accom- 
modations. It may, however, be proper to state that for the ezhibitiou 
of tbe full series of objects now in possession of tbe Institution, and not 
including any unnecessary duplicates, much ampler accommodations will 
be needed than can be bad inthebuilding, and if these are to be displayed 
as they should be it will be necessary at no dist-ant day to provide 
means for extending tbe space, either by a transfer of the entire collec- 
tion to new buildings or by making additions to that of the Smithsonian 
Institution. 

In illustration of this statement, it may he remarked that, of sixty- 
seven thousand specimens of birds entered in the catalogues of 
the museum, and of which more tban forty thousaud are on hand, 
(tbe remainder haviug been distribnted,) less than five thousand are 
mounted and on exhibition, these occupying fully two-fifths of the pres- 
ent hall ; the rest are preserved as skins, in chests, drawers, and boxes, 
and of them fifteen thousand, or tbree times tbe number at present on 
exhibition, require to be displayed for tbe proper illustration of even 
American ornithology. 

The urgency for additional room is still greater for the mammals. 
Here, out of some five or six thousand specimens, less tban so many hun- 
dred are exhibited, the remainder alone being almost siifBcient to occupy 
half of tbe hall. Of many thousands of skeletons of mammals, birds, rep- 
tiles, and fishes, a very small percentage is shown to the public, while 
exhibition -room to the amount of thousands of square feet is required 
for specimens that now occupy drawers in side apartments. 

Of the very large collection of alcoholic specimens, which constitute 
tbe most important material in every public museum, scarcely anything 
is on exhibition, although the selection of a single scries for this purpose 
is very desirable. 

The new ethnological gallery, already referred to, even now is scarcely 
adequate to accommodate a complete series of tiie ethnological specimens 
on hand, without taking into consideration the number that the explora- 
tions of tbe past few years may lead us tfl expect for tbe futnre. 

It is, however, very gratifying to be able to state, that if the proper 
plan of a national museum for tbe United States should be to make it 
an exponent of the ethnology, and of the animal, vegetable, and mineral 
treasures of America, ttiis can he cousidered as in a great measure 
already accomplished, especially for North America, and to a very con- 
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siderable degree for the middle and sonthern portions of the New 
World. All that ia now required by the Institution for the preseutatioD 
of such a aeries ia proper accommodatioDS and the means necessary to 
prepare and exhibit the same. 

With the vast namber of duplicates on hand it is always easy to 
secnre, in the way of exchange with foreign collections, neariy all the 
objects desired from other parts of the world, and it will probably never 
be necessary to nsk for funds, to any extent, to secure such articles by 
purchase^an expense which constitutes the principal outlay of most 
foreign museums. 

Mineraloffical Collection. — The following is an account of the minerai- 
ogical department, by Dr. F. M. Endlich, who has charge of this branch 
of the museum: 

The miucralogical department of the United States National Museum 
(placed by Cougresa under the charge of the Smithaouiau Institution) 
comprises four divisions : 

I. Mineralogy. III. Ores. 

II. Lithology. IV. Metallurgy, 

The collection of minerals occupies twelve cases, and numbers upwards 
of 3,000 specimens, belonging to 230 species. These minerals are col- 
lected from all parts of the globe, obtained to a considerable extent from 
the United States Government expeditions, and by exchange and doDa- 
tiona. Daua^a system of mineralogy has been chosen to serve as a basis 
for the arrangement of the different species and groups, and, in order to 
render the collection of use to the visitor or student, a very elaborate 
system of labelltog has been adopted. Every specimen, unless too large, 
is placed in a paste-board tray, which contains, at the same time, a label 
giving the name of the mineral, the chemical composition, cryatalline 
form, if any, locality, and the name of the donor. At the beginning of 
each species in the continuous row is placed a printed " species- label," 
giving the name and chemical composition, and distinguished from the 
rest by a red border. To the front edge of its tray every specimen has 
attached a printed label with black border, showing the name and lo- 
cality, lu case the mineral is not contained in a tray this label is placed 
in some conspicuous position near it. The printed labels are so distrib- 
nted as to be easily read by the visitor, at the same time disposed iu 
such a manner as not to obstruct the view of the specimen. Large 
printed " division-labels " are placed at the head of each of the six divi- 
HioDS adopted by Professor Dana. 

This system of labelling will enable the student to see at once the 
name, composition, and locality of any mineral', and will show bim its 
position in the adopted system of claasiflcation. Besides these precau 
tionary measures, to preserve the history of every individual specimen, 
a number is written on every specimen, corresponding to one in the 
mineral record, in which the labels are entered. 
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Sevend very rare and valuable speoimeDS of meteoric iron and other 
minerals are contained in the ooUectioii. In the appendix is given an 
alphabetical list of species at present represented in the mufleum. The 
eDumeratioD of the species is based apoa the catalogue of minerals pub- 
lished by the Smithsonian InutitntioD in 18C3. 

The lithological collection occupies thirteen cases, and comprises 
aboat 2,300 specimens. Of the varions species and variety of rocka 
thus far kiiowo and described the greater part is represented. An ar- 
rangement bas been temporarily -adopted by which the specimens are 
arranged according to their collector, at the same time, however, retain- 
ing a certain lithological classiBcation. A large quantity of these speci- 
mens has been brought in by the expeditions exploring tbe Western Ter- 
ritories, and thus a very valuable and unique collection bas resulted. 

A fnll suite of Saemao's (Paris) rocks is contained in the collection, 
besides a suite fW>m Freiberg, Saxony, and other European specimens. 
Eventually the collection is to be arranged according to locality, follow- 
ing, witbio these bonuds, some definite lithological system. A system 
of labeling analogous to that adapted for the minerals will be intro- 
duced. The size of tbe lithological specimens is that of similar ones in 
a large number of European collections — 3 inches by 4 inches — giving 
the collection a pleasing, uniform appearance, and facilitating the ar- 
rangeihent. 

Three cases are occupied by tbe collection of ores, which comprises 
aboat five hnndred specimens. Tbe object of this collection is to present 
a characteristic specimen of ore from every worked lode in the West- 
ern States and Territories, Every year comparatively large additions 
are made. These ores are labeled, giving the name, the value as 
ore, (if known,) the name of tbe mine, its locality, and tbe name of 
the donor. If this coUectioo be completed successfully it will prove to 
be a very valuable addition to the mining statistics, and irill justly 
Illustrate the mineral wealth of the United States. 

A collection of metallurgical prodncts has been organized, proposing 
to show the ores, fluxes, slags, raw and commercial products, illustrating 
the various processes in operation in the Onited States and other conn- 
tries. As yet this collection is small, but it may be hoped that as soon 
as its existence and object becomes more generally known, the neces- 
sary contributions of specimens will not be wanting. 

Besides these collections, representing typical specimens, the musenm 
contains a very complete and baodsome series of tbe geyserites and 
other similar deposits from the United States National Park. Series il- 
lustrating various localities famons for their yield of minerals, sacb as 
Wieliczka, in Polish Austria, Qirgeati, in Sicily, and others, have been 
obtained. The mineralogical and geological material collected and res- 
cued by the North Polar Ex|>editioD, under tbe late Captain Hall, forms 
one of these intexestiug suites. 
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Altogether there are upward of 6,300 specimens on exhibition ; over 
800 are on hand, to be incorporated during the present year, and almost 
daily new material swells the collection. 

In connection with the mineralogical department ia the mineral ex- 
change. A large number of mineral duplicates, upwards of 10,000, is 
on hand, and these, having been classified and arranged in series, 
will be dietribnted to institutions of learning or disposed of in exchange 
in order to increase the main collection. A limited number of good 
duplicates is kept on hand — deposited in drawers — to serve for foreign 
exchange and to afiford material for study, should it be required. 

Photographs of antiqnities in tkeBritish Museum. — Amougthe additions 
to the mnsenm is a series of photographs of the most valuable couteiits 
of the British Museum, systematically made and arranged with the defi- 
nite object of showing man's gradual advance and the development of 
civilization from pre-historic to mediseval times. These were made by 
S. Thompson, with the consent of the trustees of the mnsenm, for W, 
A. Mansell & Co., of London, as proprietors, and have in part been pre- 
sented by them to the Institution. Tlie seriesconsists of nearly athoasand 
plates and is grouped in seven parts : 

I. Pre-historic and ethaograpbical series. 
II. Egyptian series. 
II[. Assyrian series. 
IV. Grecian series. 
v. Etruscan and Roman series. 
YI. Antiquities of Britain and foreign mediaeval art. 

YII. Seals of sovereigns, corporations, &c. 

Tbey will be placed on exhibition at the Institution in the large hall 
as soon as the cases are prepared to receive them. These photographs 
are a valnable contribntion to the means of difiuaing a knowledge of the 
largest ethnological collection in the world, and will serve as origiual 
materials for the use of the historian, scholar, and art-stodent. The 
publication of a work of this magnitude has necessarily caused an enor- 
mous outlay, and the proprietors are obliged to seek the snpportof men 
of culture, for whotn it has been prepared. It gives us pleasure to 
recognize the importance to art and science of this new application of 
photography, and to recommend it to public institntlons and gentlemen 
of fortnne. It is not necessary to point out hov valuable such a work 
would be to any library or museum, particularly in a country where but 
few can have the opportunity of seeing and still fewer that of studying 
the originals represented. 

CORBESPONDENCE. 

An immense amount of labor is every year devoted to correspondence, 
which includes subjects relating to almost every branch of human 
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tliouglit. Among tbe commtmicatioDa are many which relate to SQpjtosed 
Bcieutiflc discoveries aud proposed new theories of the physical pbeaom- 
eua of tbe universe. 

There exists, especially io this country, io which there ia a greater 
amount of popular diffusiou of scieDtific knowledge than in any other, 
a class of persons who, without previous scientific training, attempt to 
solve the most difficult problems of general physics. Among these are 
men of considerable literary culture aud much general reading, but 
wanting in the special kind of logical and mathematical training neces* 
sary for successful scientific investigation, tbey dissipate a large amount 
of mental energy in unproductive speculations. The correspondeucd 
with this class of (wrsous is not only very onerous, hot difficult to man- 
age, inasmuch as the rejection of their propositions is generally attrib- 
uted te prejudice or a kind of scientific oligarchy. The general 
method whicli has been adopted for dealing with them is to' insist 
upon their deducing from their hypotheses some new results which 
can be immediately verified by experiment aud observation, as a test 
of tbe value of their specutatious. This demand is made on the ground 
that any hypothesis of value must uot only explain what is already 
known, but must also lead to results which have uot previously been 
observed. 

Another class of correspondents write for information as to scientific 
principles on which to found inventions for special purposes. Among 
this class we have bad within the last few years a large number of gentle 
men of intelligence in the Southern States, who seek to retrieve fortunes 
lost in tbe war by inventions which may become remunerative through 
the sale of privileges for using them. Unfortunately, in most cases the 
problems they essay are of too expensive a character te be brought to 
the test of experience without the outlay of a large amount of money, 
aud frequently of teo indefinite a conception to wanant success even 
under the most favorable circumstances. The most remunerative inven- 
tions are those of very simple character, and of general use, such as a 
sewing-machine, rather than a steam-engine. 

Another class of correspondents consists of those who ask for the 
information as to minerals, plants, and other objects of natural history. 
In the answers to these the Institution has done great service in the as- 
sistance of students, and in tbe diffusion, unostentatiously, of a large 
amount of knowledge. 

In carrying on the corres|>ondenco aud other parts of the general 
oi>eration8 of the establishment, much assistance hns been rendered by 
the collaborators of the Institution, among whom, during tbe past year, 
our thanks are due to Prof. S. JJewcomb, Prof. W. Harkness, and Prof. 
Asaph Hall, of the Naval Observatory ; Prof. J. E. Hilgard, C. A. Scbott, 
aud Prof. William Ferret, of the Coast Survey ; Dr. Woodward and Dr. 
Otis, of the Army Medical Museum ; Prof. J. P. Lesley and W. E. 
Dubois, of Philadelphia ; Prof. W. D. Whitney and Prof. J. D, Dana, 
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of Sew Haven ; J. H. Trambnll, of Hartford ; Prof. F. L. O. Koelirig, 
of Ithaca, New York ; Dr. Henry Wurtz and Prof. Kuyiuond, of Sew 
York J Dr. L. D. Gale, Edw. Clark, esq., W. Q. Force, Prof. (3. AIjIk', 
of Washington, and others, es]iecially iu natnral history, nieutioiied in 
connection with the operations of the museum. 



The Secretary, iu addition to the general direction of the sciuntiRc 
operations of the Institution, has continued during the past year his 
investigations iu regard to fog-aignals and other aids to navigation, and 
lias discharged the duties of chairman of the Light-House Board, visitor 
to the Government Hospital for the Insane, president of the National 
Academy of Sciences, and trustee of the Corcoran Art Gallery. 

Professor Baird, the assistant secretary, in addition to the arrange- 
ment of the materials received by the museum, making up duplicates 
for distribution, and the general direction of the system of exchanges, 
bas continued the duties with which he was charged by the President of 
the United States in accordance with the law of Congress, namely, that 
of prosecuting an inquiry into the present condition of the fisheries of the 
coast and lakes, and the suggestion of methods for their imjtrovement. 
As in 18TI and 1872, he s[>ent the principal part of the summer season 
in carrying on his mission. He established himself on Peak's Island 
in Portland Harbor, where, with a large force of volunteer naturalists, 
lie was engaged from July until October. 

The law of Congress under which his work is carried on directs the 
departments of the Government to render him all the aid iu their power, 
und in pursuance of this the Secretary of the Navy placed at his disiio- 
sition the United States steam-tug Blue Light, under Commander L. 
A. Beardslee, United Siates Navy, properly fitted for her purposes and 
piovided with all the apparatus necessary for deep-sea researeb ; and 
with the co-operation of Prof. A. E. Verrill, an eminent zoologist of 
Yale College, his associate iu this work, he succeeded in solving many 
of the i)roblems of the inquiry, as well as in securing at the same time 
a great amount of material iu the way of specimens of marine animals 
for the National Museum, embracing a very largtD number of species, 
among them numerous forms entirel} new or pi-eviously unknown on 
our coast. 

In addition to the examination and classification of the m inerals which 
have been received at the Institution, and making up sets for distribu- 
tion, Dr. Eudlich has made a qualitative examination of a large number 
of specimens of minerals which have been submitted for that purpose 
to the Institution. For purposes of education the Institution furnishes 
qualitative determinations of mineralogtcal specimens, but in no ch.so 
will it undertake to furnish percentages of the different components oL 
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Bpecimens, or give certificates for commercial parposes of tfaeir value^ 
In regard to work of tbia class, tbe following rules liave been adopted: 

1. All applieatioDS for the examiiiatioa of specimens must be made 
by letter, addressed " Secretary, of tbe Smithsonian Institution." 

2. The specimens examiued, or a part of them, will be retained by 
the Institution. 

3. All 8t>ecimens are to be delivered to the Institntiou i^e of expense. 

Mr. Meek, who still retains his connection with the Smithsonian In- 
stitntiou, has continned during the past year his paliBontologicul inves- 
tigations relative to the specimens collected by various State and Gen- 
eral Government surveys. He spent last summer in Colorado in the in- 
vestigation of the geology of the region, returned to Washington in 
October, but on account of the weak condition of his lungs he thought 
it prudent to spend the present winter in IHorida, carrying with him a 
part of bis library and a series of specimens with wbicli to contitme his 
work. 

Dr. Theodore GUI, who has special charge of the Smithsonian deposit 
in tbe Library of Congress, and devotes his extra time in the Institution 
to natural history, has been engaged during the past year in tbe study 
of the vertebrates generally, tbe results of which have beeu partially 
published in a memoir on tbe number of classes of vertebrates and their 
natural relations. .He has also revised the nomenclature of the marine 
fishes of our eastern coast from Greenland to Florida, and prepared a 
catalogue of them for tbe report of tbe United States Commiasioner of 
Fish and Fisheries, and has, at the request of the same officer, investi- 
gated the genus Microptents, comprising the black-bass, &c., and defi- 
nitely eatablisbed its species and nomenclature. 

Tbe Institution in 1870, fitted up a photographic apartment, under 
tbe charge of Mr. T. W. Smillie, in which photographs are taken of 
specimens of arcbfeologyand of natural history for iltnstrating the pub- 
lications of the Institution, and for distribution to other museums. 
During the past year a large number of food-fishes and prehistoric re- 
mains have been photographed. 

The specimens of the loetitutiou are open to all investigatoi's for 
study, and no work of importance on natural history baa beeu published 
within tbe last twenty rears in this country which has not been in- 
debted to this establishment for the use of materials and other lacilities 
ill its production. Tbe same privilege has been granted, under certain 
restrictions, to the officers of the Institution, and Professor Baird has 
availed himself of this by employing his leisure time for several years 
in the production of an extensive work on North American ornithology. 
In this enterprise Professor Baird has associated with himself Dr. Tbos. 
51. Brewer, of Boston, and Mr. Robert Riiigeway, of Illtnoia The work 
is published by Messrs. Little & Brown, of Boston, who have printed 
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three volumes, quarto size, embraciug theland-birds. A second part, 
tbat on the water-birda, is in an advanced state of preparation, and the 
\irhole will be published nitbin the year 1874. The work is fully illus- 
trated by engravings finely executed in wood-cuts and iu colored ]>lateH. 
and it is believed will meet a want long l^lt and expressed as to a man- 
nal of American ornitfaotogy. 

C0NCL0810M. 

From the foregoing statements it will be evident that the lustitutioa 
is still iD a prosperous condition ; that it is continually increasing in 
asefulnesB and reputation ; that, although the cnrrent operations will be 
somewhat impeded dnriug 1874 by the failure of the First Xational 
Biink, yet the effect of this loss will be but temporary ; and that, with 
tbe appropriation from Congress for the care of the mnseum, the 
legitimate objects of tbe Institution can be prosecnted with more energy 
than heretofore. 

Kespectfully submitted. 

JOSEPH HENRY, 

Secretary. 

Washington, January, 1S74. 
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ADDITIONS TO THE COLLECTEONS OF THE SMITHSONIAN 
ISSTITDTION (UNITED STATES NATIONAL MUSEUM) 
IN 1873. 

Abbott, Chag. C. — Oue bottle specimens, fish, (Hybognathun osmeriuua,) 
from Treiitou, N. J. 

AddUon, Mr. — Skin of plover {^Ckaradriua Azarw) from Brazil. 

AgoMiz, Prof. Louis. — {See under Cambridge.) 

Aiken, C. E. — A collectioa of birds from Colorado. 

Akom, Hon. J. L. — One ludiau pipe from Coaboma County, Miss. 

Alden, Oeorge J. — Skins of blue beron {Florida cosrulea) and avouet 
{Keoirviroatra amcricatia) from Manatee, Fla. ; one specimen (I'uetid) of 
opossum [IHdelpkys virginiana) from New Smyrna, Fla. 

Allen, Prof. J. A. — (See under Waakington, War DcpM-tment, U. IS. A., 
Yelloicstohe Expedition.) 

Allh, Dr. Alois. — {See under Universiiy of Krdkait.) 

Ames, James T, — A collection of tniueruls from tbe Cbester, Mass., 
emery mines. 

Anderson, H. O. — One box of minerals from Wisconsin. 

AwderaoH, W. — Indian stone implements from Brownsville, Obio. 

Andreics, Prof. E. B. — A meteorite from Concord, Ohio. 

Artaitage, J. — (See under \V. F. Wkeeler.) ' 

Ashhaiigli, Dr. A, — Five Indian sknils, three stone axes, three pipes, 
and one stone pestle, from the Wesi. 

Atkins, C. 0. — Four boxes of fresh fish for casting from Bucksport, 
Me. 

Austin, E. P. — Indian stone implements from Michigan. 

Avery, Dr. W. H. — One sklD, pigeon hawk, (Falco eolumbarUis,) f;-om 
Greensboro ugh, N. 0. 

Baird, Prof, f^encer F. — (See under Washington, Interior Department, 
Cailed States Commission of Fish and Fisheries.) 

Baker, Isaac C. — One Indian stone implement from Scarborough, Mc. 

Ball, J. W.— One stone pestle from Ball's BlufT, Va. 

Baraum, Phineas T. — S|iecimensin the flesh of Malayan tapir, [Rhino- 
chants sumatranns;) Bactrian camel, (Camelus baelrianus ;) Drome- 
dary, {Camelus dromedarins ;) African panther, {Felis, sp.;) mandril, 
{Cgnocephalus ;) rhinoceros; manatee, {Manatwt amerieanus;) and a 
Shetland pouy ten days old. 

Barringer, Paul. — Nest and egg of blue yellow-backed warbler (Parala 
Americana) from Mebanesvilte, N. C. 

Batty, J. H. — One mounted specimen rufTed grouse (Bonasa umbcllus) 
from Bloomtield, N. Y. ; two boxes of birds from New York. (See 
also under Washington, Interior Department, United States Geological 
Surrey.) 

Belknap, Commodore 0. E., United States Xary — (See nuder Wanhing- 
ton, yavy Departmetit, Bureau of Kavigation.) 
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Bendire, Capt. Ckas., United States Cavalry. — One box of birds' nests 

and eggs, from Arizona. 
Betsels, Dr. Emil. — (See under Washington, Navy Department, Polaris 

4xp€dition.) 
Bissell, Geo. R. — Specimen of faair-worm (Gordius, ap.) iroin Iroudale, 

Mo. 
Blaine, John E. — One box of minerals from Montana. 
Blossom, J. B. — One box of salmon fi'om Bathurst, N. S. 
Blunt, Capt. A. P., Quartermaster's Department, United States Army.— 

Head and horns of mountain sbeep, {Ovis montana.) 
Boardman, Geo. A. — One box of salmon from Calais, Me.; one bird- 
skin. 
Boisnuier, Edward. — One box of wliite-fisli from Sandwich, Ont. 
Bonsall, J. Vincent. — One bos of minerals from Rising Son, Md. 
Booth, H. — Shells from the west coast of North America. 
Boyd, 8. H. — Specimens of crude salt from Liucoln, Nebr. 
Bradley, Prof. F. B. — (See uttder Washington, Interior Department, 

United Stales Geological Survey.) 
Breed, E. E. — Eggs of dack-bawk {Falco anatutx) from Embarrass, 

Wis. 
Srendel, F, — A collection of plants from Peoria, I\\. 
Benner, Franklin. — Skius of laaghing gull (Larus atridlla) and Tern 

{Sterna bairdii, n. s.) from Portland, Me. 
Brooks, T. B. — One box of minerals from Marquette, Mich. 
Bryan, 0. N. — Humim bones from mounds in Iowa ; stone implements 

from Maryland. 
Cambridge, Mastr., Mmeum of Comparatiee Zoology, (Prof. Loais Agas- 

siz.) A stries of casts of the craniii of Mastodon giganteus from the 

Wyman series. 
Campbell, Archibald. — (See Washington, northern boundary svrr^.) 
Carpenter, Capt. W. L., United States Infantry. — (See nnder Washington, 

Interior Department, United /States Geological Survey.) 
Case, J. — Quartz arrow-heads from Troy, Pa, 
Case, R. A. — One box of birds' eggs from North Lawrence, Kans. 
Caney, T. L.,jr. — Collections of shells firom Florida and Cuba. 
Culon, Hon. J. D. — Skins of mule-deer, {Cervus macrolis;) black-tail 

deer, (Cerfus Columbianus ;) and hybrid deer, from his park iu Ottawa, 

II). ; specimens of petrified wood from California. 
Cheney, Simeon F. — Skeleton of sea-seal (Erigaatkus barbatus) from Grand 

Manan, S. B. 
Chicago, Academy of Sciences, Dr. J. W. Velie. — Twelve eggs of " man- 
of-war biril,'' {Tachypetes aguila.) 
Christ Church, New Zealand, Canterbury Museum, Dr. Julius Haast. — A 

collection of bird-skins ; a collection ol' stone implements of Hie Moa 

hunters; a collection of Dinornis bones from Kjoekkeii-moeddings; 

complete skeletons of Dinornis giganteus and Palapteryx elcphantopus^ 
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and the leg-bones of IHnomi» gnwitis, Dinomia caxuarius, and Dinomis 
dtdt/brmw, all from New Zealand. 
Clark, Dr. E. J. — Ooe Indian stone maal. 

Clarlc, John M. — Specimens of Indian pottery ftxtm Milledgeville, Ga. 
Clarice, Stephen. — One box of minerals from Virginia. 
ClemenU, Mr., United States aurveyor-general for Utah. — One package 

of ores tVom Utah. 
Coe, W. W. — Xest and skin of warbling flycatcher ( Vireo gilvus) from 

Portland, Conn. 
Cole, Seward. — One seal-gut coat from Alaska. 
Coleman, Qeo. 8. — One specimen of clay from Kosse, Tex. 
Cooper, Dr. J. 0. — One box of bird-skins from Calil'oruia. 
Cooper, W. A. — Skins of king-bird {Ceryle aU^on) and Cassin's fly- 
catcher, (Tyrannus voci/erans,) and eggs of Gairdner's woodpecker, 
{Picua Oairdneri,) and chestnut-backeil tit, (Pants r«/egcc«»,) from 
Santa Cmz, Cal. 
Copley, Charles L. — Two tanks of fishes in alcohol from Tompkinsyille, 

Staten Island, N. Y. 
Cooes, Dr. Elliott, United States ^nHy.— Bird-skins from Arizona; skins, 
skeletons, and skulls of mammals ; birds fh)m Fort KandalL (See also 
Washii^ton; Department of State ; Northern boundary survey.) 
Cotrdret/, Dr. S. O., United States Army, (tbrough Army Medical Mu- 
seum.) — Cast skin of black-snake {Batcanion constrictor) and rattles of 
rattlesnake {Caudtsona aonjiuenta) from Fort Larned, Kansas. , 
Cratrford, J. A. — Indian pottery from Davenport, Iowa. 
Cvshman, Doctor. — Indian stone implements from Wiacasset, Me. 
Dall, Wm. H., Coast Survey U. 8. A. — ^Twenty-seven boxes and kegs of 
geuerul zoological and ethnologic^ collections from the Aleutian 
Islands. 
Dag, Mr. — Specimens of sandstone and lignite from Maryland. 
Delaney, Bon, John, postmaster-general of Xtwfoundland. — Bones of 
{Phoca, tp.) and great aak, {Alea impennis;) two bottles specimens 
of ca[>elin {Mallotus villostu) from St. John's, Newfoundland. 
Dille, I. — Specimens of tourmaline and lignite from Washington, D. 0. 
Douglas, Charles.-^Two specimens, in the flesh, of evening grosbeak 

(Hesperiphona vespertina) frxim Wankegan, III. 
Ebaugh, David. — One box of minerals from Maryland. 
Edmunds, M. C. — Specimens of smelt (Osmerus, 8p.) from Lake Cham- 
plain. 
Edwards, Vinallf.— (See naAei Washington; Interior Department ; United 

States Commission of Fish and Fisheries.) 

Elliott,Henry W.,»peoial agent Treasury Dqtartment United States. — Five 

boxfs of bird-skins, nests, and eggs fh)m the Frybilov Islands, Beh- 

ring Sea. 

Elliott, Capt. Jas. — One specimen flying-flsh (Ejeoeceius, sp.) from Brazil. 

Endlich, Dr. F. M.—A collecCiou of minerals ftom Karope. (See also 
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under Waahuigton; Interior Departinent ; United States Geological Sur- 
rey.) 
Evans, W. TV", — One box of pottery and silver articles from Peru. 
Feucktwanger, Dr, Louis. — One box of minerals. 

Fitzhugk, D. H. — Specimeos of grayling (Thymallus tricolor) from An 
' Sable Rivet', Michigan. 

Foreman, Mrs. — Chipped flints fix)m Hot Spriugs, Arkansas. 
Fortia, P. — Due sfcin cod-fish [Oadus morrkua) from Canada, (tjpe of 

Oadus ductor, Fortin.) 
Frellick, Capt. John. — One specimea sea-horse {Hippocampus, sp.] from 

Saint George's Banks. 
Fuller, A. N. — Two nests and six eggs Bell's fly-catcher (Fireo Beili) 

ftx>m Lawrence, Kans. 
Gabb, Prof. William M. — Seven tmxes general collections from the Tala- 

manca expedition, Costa Rica. 
Garland, William H. — A specimen in the flesh of western red-tailed 

hawk (Buteo ealurus) from Amherst County, Virginia. 
Oatch, S. E. — One package of plants from Oregon. 
Giles, Noncood. — One box of birds' nests from Wilmington, S. C. 
Gizer, B. F. — One Lepidopterous larva from Stoyestowri, Pa. 
Glover, Lieut. Russell, United States Revenue-Marine. — Fossil- shells from 

vicinity of Baltimore, Md. 
Goode, 6. Brown. — (See nnder MiddUtoum; Museum of Middletown Uni- 

versitjf ; also under Washington; Interior Department; United States 

Commission of Fish and Fisheries.) 
Got-man, Cook. — One box of minerals from Talladega County, Alabama. 
Gray, Dr. John Edicard, British Museum. — A collection of flslies. 
Green. S. A. — One specimen of arragonite from Atco, N. J. 
Green, Seth. — One box of fish from Eochebter, N. Y. 
Haast, Dr. Julius. — (See under Christ Church, Canterbury Museum.) 
Hale, Dr. J. D. — One Indian arrow-head from Fentress County, Ten- 



Hamlin, Dr. A. C. — One specimen of meteorite from Searsmonnt, Me. 

Hammond, Dr. John F., United States Army. — Two alleged asses' skulls 
from Texas. 

Hanna, George B. — One box of minerals from North Carolina. 

Hardenburgh, L. R., United Slates surveyor-general for Califo-nia. — 
Ten packages of minerals from California. 

Harford, G. H. — One box of ethnological specimens from California. 

Harrington, C. — One egg of blue-tailed kite (Eostrhamus soeiabilis) 
from Florida; one egg of Allen's towhee, {Pipilo Alleni.) 

Harris, W. H, — One box of minerals from Claiborne County, Missis- 
sippi. , 

Hays, W. W. — One skin of rail {Rallus Virginianus) from Sau Luis 
Obispo, Cal. 

Heaton, J. G. — One specimen of beetle from Victoria, Tex. 
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Benakaw, E. W. — (See niirtet Washingion ; War Depart. nent ; United 

States Army surveys tcest of the one hundredth parallel.) 
Holdeuy Prof, O'l/fiam.— {See under Marietta; Marietta College.) 
HolUttintsh, H. IV.— Oue large stalactihj from Ci-jstal Cave, Berks 

CoDDty, Pennsylvania. 
Jloopet, William A. — Specimens of native silver from Isle Itoyale, 

Mich. 
Homer, Dr. Frederick, United States Xavg. — A brancb of a tree injured 

by tiail. 
Hough, Dr. F. B. — Oue box of etbnological specimcnB. 
Howard, A. M. — Specimens of Indian pottery from Kew Mexico. 
Hurlbut. (i. if. — One Rkeleton of pincbacaordanta, {Tapirua pimhaqve,) 

one banana in alcohol from Goata Blca} two boxes of bird-skius from 

Bogota. 
Jeirett, Col. E. — One box of ethnological specimens from Floriila. 
Johnstqn, C E. — One specimen of horned toad [PhryHosoma, up.) from 

Saint Qcorge, Utah. 
Kelly, F. X— One nest of tarantula apitler. 
Kelly, Robert. — One specimen of pyrite. 
Krakau Unircrnifif, Dr. Alois Alth. — A series of minerals from the 

Wieliezka salt-mines. 
Lanman, Chas. — A collection of minerals from Virginia. 
Learning, Dr. F. — Oue cast of Indian stone implement fiom Jefl'erson 

Connty, Indiana. 
Lee, Mary J. — A collodion of minerals from Bremond, Tex. 
Leonard, H. L. — One box of land-locked salmon, [Salmo sebarjo,) fresh 

.specimens, from Lnbec Poud, Maine. 
Jjmte, V>'. K. — A collection of bird-skins from the West Indies. 
LocMtart, W. T. — One specimen of cinnabar from Oakville, C'nl. 
Ijore, ^Y. C— Specimens of fossil-shells from Marlborough, Md. 
Liulington, C. — Siiecinicna of oyster {Ostraa Virffinianvs) from the Po- 
tomac Kiver. 
Luptof, S. R. — A collection of minerals from West Virginia. 
Lyon, Hon. Caleb. — One package of eggs. 
McFarlane, B., Hud.,on Dai Company. — Skin of fcetal eigbt-legged beaver 

(Castor Canadensis) from Fort Simpson, Hudson Bay Teixitory. , 
McKinley, William. — Ancient Indian funeral-urn from ^lilledgeville, 

Ga. 
JUcBae, John, Hudson Bay Company. — One skin of Mack marmot {Arc- 

tomya manor, melanistic) from Athabasca. 
Mains. M. P. — One box of fossils from Boll Eiver. S. C. 
Mari^ta, 0., Marietta Cullege, Prof. William Holden. — A collection of 

reptiles and fisbes from Kastero Ohio, (deposited.) 
Marshall, U. .S'.— (See under H'. F. Wheeler.) 
Marrin, A. R. — (See under Washington, Interior Department, United 

States Geological Surrey.) 
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Maynard, C. J. — St^ruum of martin (Progne tubia) from Massaobasetts. 

Meigs, Qen. M. C. — Spoons made of buffulo-boru from the Ydlowstone, 
one package of ladian iiuplemeDts from Arizona, skin and bead of 
mule-deer, (CercusmocrofM,) one Indian Bto^e-cbisel.a collection of cre- 
taceous fossils from Heart Kiver, Mo., a specimen of terebrattUa, sp., 
from Ingrleton, Ala^ two packages of seeds of tbe " si^aro," or f^iaut 
cactus, from Arizona. 

Merriam, C. Bart. — A collection of birds from Florida, six skins of pine- 
cret'ping warblers, {Dcndraca pinm,) from Florida. (See also under 
Wankington, Interwr Department, United States Oeological Survey.) 

Middleton, Carman & Co. — (See under Washington, United States Com- 
mission of Fish and Fisheries.) 

Middtetoicn', Conn., Museum of Middletown University, 0. Brown Goode. — 
A collection of fisbes from the Bermuda Islands, a collection of min- 
erals from Oonnecticut. (See also under Washington, United States 
Commission of Fish and Fisheries.) 

Moore, C. R. — A living Siiecimeu of salamander {Amblystoma vigrinum) 
from Johnstown, Va. 

Moore, Col. James M., United States Army. — Skin of pnma {Felts con- 
color) from Wyoming Territory. 

Moore, W. H. — A collection of fossils from Topeka, Kans. 

Moses, F. K. — One Indian stone implement, from Bncksport, Me. 

Mann, Archibald. — Tbe jaws of giant cuttle-fisb (Octopus) from New- 
foundland. 

Minn, Dr. C. E., United States Army. — Specimens of infusorial earth, 
Fort Wowlworth, D. T. 

Moreno. President, (through Hon. Bumsey Wing.) — Skeleton andmoaDted 
skin of piuchaca (Tapims rouHni) from Ecuador. 

Hewmaa, Joseph, (throngb Department of Agriculture.) — Arrow-heads, 
from Woodlawn, Md. 

Xichols, Dr. C. H., Qovemment Asylum for the Insane. — A fresh speci- 
men of Europeau tame awan. 

Ogden, Mr. — One bottle of insects from New Orleans. 

Ogle, David 0. — Minerals and ethnological specimens from Maryland. 

Oudeslitys, C. L Specimens of asbestos from Virginia and Maryland. 

Owsley, Dr. J. B. — Specimen of fossil-wood from Butler County, Ohio. 

Paclcard, Dr. A. iS.— {See under United States Commission of Fish and 
Fisheries.) 

Paine, W. W. — Swolxl, &c., from tbe wreck of tbe British vessel Rose, 
in the Savannah River, Qa. 

Palmer, Edward. — (See under United States Commission of Fish and 
Fisheries.) 

Pattisoii, R. A. — One box of fossils from Flint Biver, Ala. 

PattOH, A. — Ethnological specimens from Indiana. 

Paxton, Capt. J. W., (throngb J. W. Miluer.) — Ethnological specimens 
from Alpena, Mich, 
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Peale, Dr. A. C. — (See under Washington, Interior Department, United 
States Oeohgical Survey.) 

Feci, P. i*.— Fossil sUark's teeth from Ricbmond, Va. 

reelor, David. — Specimens of stickle-back {Qaiteroateua, sp.) from Jobiis- 
towD, Pa. 

Perrine, T. M. — Pbotographs and casts of lQ<]ian implements. 

Pickett, John T. — Cast of fossil {CueuUtea gigantea) from the Eocene of 
Montgomery County, Ala. 

Pike, Caj)t, Nicholas, United States ooiisul. — A collection of sbells from 
Mauritius. 

Plummer, E. J. — Specimens of silver ores from California. 

Poey, Prof. Felipe, University of Havana. — One keg of alcoholic tlslies 
and one b9x of skeletons of dshes from Cubs. 

Poicell, Samuel. — One specimen of file-fl»h {Monacanthus setter) and 
other fishes, and eggs of Rata, from ^arragansett Bay. 

Powell, Maj. J. W. — (See under Washington, Interior Department, Smith- 
sonian Institution.) 

Putnam, J. D. — One box of insects from Iowa. 

Quarles, B. M. — Specimens of calcite from Healing Springs, Bath 
County, Va. 

Ray, 6. E. — A collection of minerals from Arkansas. 

Reeder, H. J. — Specimens of fish (Pereopsis guttatm) from vicinity of 
Easton, Pa. 

Reese, J. W. — Specimens of bark from Visalia, Cal. 

Rhees, W. J. — Specimens of liguite from Fourteenth-street road, Wash- 
ington. 

Rhoads, Dr. F. — Two specimens offish (Dorosonia cepedianum) from 
Shawneetowo, Bl. 

Rhoads, Thomas. — One box of ethnological specimens from Ohio ; one 
skin of Savannah sparrow {Passerculus savanna) from Florida. 

Ridgicag, Robert. — A collection of birds and a specimen of mole (ScaUtps 
argentatus) from Mount Carmel, lit. ; specimens oi Dermeates, sp. 

Sinker, James T. — One insect. 

Robertson, M. B. — One box of ores from Lynchburgb, Va. 

Robertson, R. 8. — One box of Indian bones from mounds in Fort Wayne, 
Ind. 

Rockwell, S. ^.—Specimens of vermicnlite from Millbury, Mass. 

Rothroek, Dr. J. T.— (See under Washington, War Department, United 
States Army surveys tcest of the one hundredth parallel.) 

Royal College 0/ Surgeons, London, England. — A mounted skeleton of 
jackal {Canis aureus.] 

Rusk, Hon, T. M. — One box of minerals from Virginia. 

Rutter, H. — One box of fish from Fredericton, N. B. 

Saint Paul, Minn., Academy of Natural Science. — Eggs of marbled god- 
wit {Limosa fedoa) from Saint Paal. 
5 8 
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Salisbury Miueum, Salishury, England. W, Blachmore. — Four boomeraugs 
from A u strait a. 

SaHborn, J. K. — Miuerals from Veriuout 

Sarg, F. — Ooe skiu of Honduras turkey {Meltagris ocellata) from Hon- 
duras 

Scammon, Capt. C. M., United States Bevenue Marine. — Seven boses of 
cetacean skeletons from the Pacific. 

Sehlottmann, Br. A. — Cue package of insects from Fayette Ooaoty, 
Texas. 

Schliemann, Dr. Henry. — A plaster-cast ot Plioebus Apollo. 

Schuermann, Carl W. — Larva of hickory-moth (Ceratoeani^ imperialia) 
from Fairfax, Va. 

Scktimacher, Paul. — Ethnological collcctionB from the Ejoekkeu Moed- 
diugs in Oregon. 

Seybotk, Robert, United States Signal Service, (tbrongh United States 
ijignal Office.) — One specimen of Bohemian wax-wing [Ampelia gar- 
rulus) in the flesh from Pike's Peak. 

Skepard, Prof. C. U. — One box of minerals. ■ 

Shillings, Robert F. — Indian stone implements from Peak's Island, Me. 

Slamm, Lieut. J. A., United States Revenue Marine. — Collection from 
shell-beaps, Bogue's Island. 

Smith, Isaac D. — Specimens of Tarantula and nest from Arizona. 

Smith, 8. W. — Specimens of sandstone from Brookrille, Pa. 

Staitk, W. S. — Specimens of mica from Alabama. 

Snow, A L. — Indian bones from caves in Eastern Tennessee and West 
Virginia. 

Soriano, M. S. — A series of bismuth ores from San Luis Potosi. 

SotttkKell, J. E. — A collection of arrowheads froia Port Byron, 111. 

Spangler, George. — Three boxes of miuerals, fossils, and Indian stone 
implements from Madison, Ind. Four specimens of shovel-nose stur- 
geon (Polyodon folium) from the Ohio River. 

Spencer, Charles W. — One box of birds' eggs. 

Stanley, Col. D. &, United States Army. — A livingspecimeu of kangaroo- 
rat {IHpodomys ordii) from the mouth of Powder River. (See also 
under Wasbingtonf War Department, Yellowstone ex;pedition.) 

Stermson, James. — One skin of Keosorex from Mount Elbert, Colo. 

Stille, Caroline B. — A specimen, in the flesh, of cliff-swallow {Hirundo 
lunifi-ons) from Washington, D. C. 

Stone, Livingston.— {3e» under United States Commission of Fish and 
Fisheries.) 

Stuart^ James. — One bottle of alcoholic ortboptera ii^m Winnipeg, 
British America. 

Snmichrast, Prof, F. — One skeleton of Baird's tapir, {Elasmognatkus 
Bairdii,) one bos of reptiles, and two boxes of skius and skeletous of 
mammals from Tebuantepec. 
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Siran, James Q. — One box of etbuological Bpecimens from Port Towd- 

seuil, Wash. Terr. 
Taylor, Ckarlcg M. — Ooe box of minerals from West Virginia ; one per- 
forated stone disk. 
Thayer, Abbot H.—Oiie skin of Traills fly-catcher (Eiiyiidonoa; trailli) 

from Brooklyn, N. Y. 
Thompson, A. R. — (See under Waehington, Interior DepartQUcni, Survey 

of the Colorado.) 
Toner, Dr. J. M. — Specimen of intestinal worm. 
Townaen^, J, L, — One skin of green tiuch [Pipilo chloritra) from Suit 

Lake City. 
Tre/ethenf W. S., & Co. — (See under United Statet Cor^miasion of Fish 

and Fisheries.) 
Turner, Dr. 8. S. — One apecimeu, in tbe flesb, of Amei;ican magpie 

{Pica httdsonica) from Dakota. 
Turner, SamueL — A deformed head of fox squirrel {Sciurua ludovici- 

RRwa) from Mount Carmel, 111. 
Velie, Dr. J. W. — (See under Chicago Acadr.my of Sciences.) 
Verrill, Prof. A. E. — (See under Washington, Interior Department, United 

States Commission of Fish and Fisheries.) 
Vetromile, Ree. Eugene. — A collection of ludian stone impiemeots IVom 

Maine and Xew Bmnswick, (deposited.) 
Ward, Prof. H. A. — One skeleton of moose, (Atec AmeHoautw.] 
Washington, D. C. .• 

Department of State, U. S. A., United States survey of the northern 
boundary, (Hon. Archibald Campbell, commissioner.) — Zoological, 
botanical, and ethnological collections, made by Dr. Elliot Coues, 
naturalist of the expedition. 
Treasury D^artTuent, U.S.A. — (SeeunderlheuameofB. W.Elliott.) 
United States Revenue Marine. — (See elsewhere, nnder the names 
of Capt. C. M. Scammon, Lieut. Russell Qlover, and Lieut. J. 
A. Slamm.) 
War Department, U.S. A. : 

United States Army. — (See under tbe names of Oen. M. C. Meigs, 
Col. D. 8. Stanley, Col. James M. Moore, Capt. A. P. Blunt, 
Capt. Charles Bendire, Capt. W, L. Carpenter.) 
SurgeonOeneraPs Office: United States Army Medical Mttseum, 
(Dr. G. A. Otis in charge of division.) — Two [ndian jars and 
one arrow-head from Florida; one Indian spear-head from 
Madison Barracks, N. Y. (See also under the names of 
Drs. J. F. Hammond, James F. Weeds, Elliott Coues, C. E. 
Munn, S. G. Cowdrey, and B. C, Yarrow, medical officers. 
United States Army.) 
Surveys west of the one hundredth meridian, (Lient. G. M. Wheeler 
iu charge.) — General zoological and botanical collectionti, 
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made by Dr. E. C. YarroK, Mr. H. W. Eetwhaic, find Dr. J. 
T. Rothrock.) 
Engineer arid QuartermaaUr'a Department : Yellowstone Expedi- 
tion, {Col. D. S. Stanley iu cbarge.) — Eightettn boxes general 
zoological, botanical, aud geological collectiona, made by 
Prof. J. A. Allen. 
Signal Service, U. 8. A. — (See under the name of Sergeant Robert 
Seyboth.) 
"Navy Department, U.S.A.: Bureau of Navigation, (GommoAoTeTyan- 
iel Ammeu.)— Specimens of deep-sea dredgings aud of water from 
oflf the coast of California, United States steamer Tuscarora, 
Commander 6. Belknap. 
Polaris Expedition, (Captain C. F. Hall.) — Zoological and geo- 
logical collections from Greenland, made by Dr, Emil Bessels. 
Interior Department, U. 8. A. — Specimens of miueraU from Cali- 
fornia. 

General Land-Office. — Iron pipe from Cherokee County, North 
Carolina. (See also under the names of Survegora-Qeneral 
ClemeHts, L. R. ffardenburgh, and John Wasson.) 
United States Geological Surrey of the Territories, (Prof. F. V. 
Hayden in charge.) — ^Twenty boxes general zoological and 
geological collecttonB from Wyoming, Utah, aud Montana, 
made by Dr. A. G. Peale, Prof. F. H. Bradley, and C. E. Mer- 
riam ; thirty boxes from Colorado, by Dr. A. C. Peale, Dr. K 
3f. Endlick, A. R. Marvin, J. E. Batty, and Capt. W. L. Car- 
penter. 
United States Commission of Fish and Fisheries, (Prof. S. F. 
Baird comniissioDer.) — Sixty boxes general zoological col- 
lections from Casco Bay, Me., aud vicinity, by Prof. A. E. 
Verrill, 0. Brown Ooode, and Edward Palmer; nineteen 
boxes of fish, &c., from the great lakes and the Ohio River, 
collected by J. W. Milner; five boxes of fish from the Sacra- 
mento River, collected by Liringston Stone; dredgings from 
the coast of New England, United States steamer Bache, by 
Prof. A. 8. Packard; nine boxes of fishes from Wood's Hole, 
Mass., collected by Final N. Edwards; three boxes of fish 
from Norfolk, Va., collected by W. E. Sibley ; specimens of 
groper {Promicrops guasa) from Florida, and of turbot, {Rhom- 
bus maximus,) brill, (Rhombus la:vis,) and sole, (Solea wl- 
garis,) from Euglaud, from Middleton, Carman & Co. ; model 
of fishiug-boat (dory) from Portland, Me. 
Smithsonian Institution. Survey of t/w Colorado, (Mrj. J. W. 
Powell in charge.) — Seventeen boxes of ethnological and 
geological collections from Southern Utah, made by Maj. J 
W. Powell an<l A. R. Thompson. 
Department of Agrumlture, (Hon. Frederick Watts, Gommis 
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Biouer.) — A collection of African itDplemeots ; afresh si>ei.-i- 
men ot lizard from Soiitb America; cue Bpeciiueii of arrago- 
uite from Suisun, Cal.; a coUectioa of arron'-heads from 
Charleston, 8. C. (See elsewhere auder otliei- entries.) 
Watson, John, United States surveyor-general for Arizona. — Six pack- 
ages of ores from Arizona. 
Wehh, John 8. — One box of sliells, minerals, and fossils from Virginia ; 
fangs of banded rattlesnake {Cauduona horrida) from Keut's Mill, Va, 

Vi'ehber, Mrs. F. P., (through Agricultural Department.) One jar of 
alcoliolic reptiles from Marietta, Ga. 

Weber, E. — Specimens of minerals. 

Wciwter, T. 8. — Two whit« eggs of blue-bird -(jSia/ia stafw) from Troy, 
N. T. 

Weeds, Dr. James F., United States Army. — A collection of lepidoptera 
from Fort Kaudall, Dakota. 

Wellborne, W. F. — A collectiou of minerals from Forest City, Ark. 

Wheeler, Lieut, Q, 31., United States Army. — (See under Wdahin^ion, 
War D^partntent, U. 8. A.) 

Wheeler, W. F., United Slates marshal, and J. Armilage. — One skin of 
mountain sbeep, (Om montana.) 

White, If. T.— Minerals from Weldon, IT. C. 

White, 2>. Morgan, — Specimens of bitumen from West Virginia. 

Wing, Hon. Rumscy. — Specimens from Ecuador. 

Wingard, S. C. — Seven specimens of "showtl" (Aplodonlia le^rina) 
from Oiympta, Wash, Ter. 

Wood, R. J. — Specimens of copper ore from La Grange, Ga. 

Woodman, H. T. — One barrel of oolite from Key West, Fla. 

Worth, E. M. — Three bullets from Braddock's battle-ground, Allegheny 
County, Pa. 

yarrow, Dr. S. C, UMted States Army. — Three boxes of flsli, and a col- 
lection of shells, fossil and recent, from Fort Macon, N. C; Egyptiiin 
signet-ring; a necklace of sea-shells from Fillmore, Utali^ (See also 
under Washington, War Department, Surveys tccst of the one hundredth 
parallel.) 

White, Mrs. — Specimens birds' eggs from Mebanesville, S". C. 

Whit£luind, R. A. — One skin of boa, from South America. 

Whitman, Q. P. — One box of fish from Kockport, Mass. 

Witter, D. R. — One box ethnological specimens from Mansfield, Pa. 

WiiUama, B.C. — Indian arrow-heads from Fairfnx Couuty, Va. 

Winans, James. — One specimen insect in alcohol from Xenia, Ohio. 
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Albite. . 


Brocite. 


Cuprite. 


Hanerite. 


Allnuite. 


Cacoxene. 


Danbnrite. 




Allopbauite. 


Calamine. 


Uatbollte. 


Hauijnite. 


AluiD and var. 


Calcite. 


Deweylite. 


Helvinite 


Amalgam. 


Cancrinite. 


Diamond. 


Hematite and 


Amber. 


Carpholite. 


Diallogite. 


var. 


Ainpbibole and 


Cassiterite. 


Diasporite. 


Hessite. 


rar. 


€ele8tite. 


Dolomite. 


Heulandite. 


Analcite. 


Cerite. 


Domeykite. 


Hydromagnesite. 


Auatase. 


Cenisite. 


EmboUte. 


Hydrotalcite. 


Audalasite. 


Cervantite. 


Enstatite. 


HyperBtbene. 


Anglesite. 


Cbabazite. 


Epidote. 


Idocrase. 


Anbydrite. 


Cbalcantbite. 


Epsomite. 


Ilmenite. 


ADortbite. 


Cbalcocite. 


Erubescite. 


lodyrite. 


ADthopbyllite. 


Cbalcodite. 


Erythrite. 


lolite. 


Antimony. 


Cbalcopyrite. 


Eucbroite. 


Irop, (meteoric.) 


Apatite. 


CUlorastroIite. 


Euphyllite. 


Iserite. 


Apopbyllite. 


Cblorite. 


Euxenite. 


Jamesonite. 


Aragouite. 


Cblorittfid. 


Ferguaonite. 


Kerargyrite. 


Argentite. 


Cbondrodite. 


Fiuorite. 


M.rmesite. 


Argnerite. 


Cbromite. 


Forsterite. 


Keii^iite. 


Arsenic. 


Cbrysoberyl. 


Franklinite. 


Kyanite. 


Arsenopyrite. 


CUrysocolla. 


Gadolinite. 


I^bradorite. 


Atacamite. 


Chrysolite. 


Galenitc. 


Lanarkite. 


Auricbalcite. 


Oinuabarite. 


Garnet and va 


r. Lapis lazuli. 


Azurite. 


Clinocblorite. 


Geblenite. 


Lanmontite. 


Biirite. 


Clintonite. 


Geyaerite. 


Lazulite. 


Baritocalcite. 


Oobaltite. 


Gibbsite. 


Leonbardite. 


Beryl. 


Columbite. 


Glauberite. 


Lepidolite. 


Biotite. 


Copiapite. 


Gold. 


Leucite. 


Bismntb. 


Copper. 


Gotliite. 


Liebethenittf. 


Bitumen. 


Copperasite. 


Graphite. 


Limonite. 


Boracite. 


Coqnimbite. 


Greenockite. 


Liunseite. 


Borax. 


Corundum. 


Gypsum. 


Lirocoriite. 


Bromyrite. 


Cryolite 


HalitF. 


Magnesite. 


Brookite. 


Cryptomorpbite 


Harmotomo. 


Magnetite. 
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Malachite. 


Peridot and var. 


Sassolite. 


Tacbydrite. 


MiiDgauite. 


Pharmacoside- . 


Scapolite. 


Talc. 


Margarite. 


rite. 


Seheeletine. 


Tenuantite. 


Meerschaum. 


Pblogopite. 


Scheelite. 


Tetrahedrite. 


MeioDite. 


Piekeriiigite. 




Thomson ite. 


Melaconit*. 


PieropbjUite. 


Scorodite. 


Titauite. 


Millerito. 


Pitchblende. 


Serpentine. 


Topaz. 


Miuieteae. 


Polybasite. 


SillimaDite. 


Tourmaline. 


Mineral coal aud 


Prebnite. 


Silver. 


Troua. 


var. 


Psilomelane. 


Smaltitfi. 


Turquois. 


Molybdenite. 


Pyrargjrite. 


Smith son ite. 


Vivianite. 


Muscovite and Pyrito. 


Spinel and var. 


Wad. 


rar. 


Pyroluhite. 


Spodnmene. 


Wavellite. 


Natrolite. 


Pyromorphite. 


Staunite. 


Whitueyite. 


Nephelite. 


Pyroxene and rar.Staurolite. 


Willemite. 


Kitre. 


Pjrrhotite. 


Stephanite. 


Witlierite. 


Oligoclase. 


Quartz and var. 


Stercorite. 


Wolframite. 


Olivenit«. 


Qnicksilver. 


Stibnite. 


Wollaatonite. 


Opal and var. 


Realgarite. 


Stilbitd. 


Wnlfenite. 


Orpiment 


Betinite. 


Strontiaiiite. 


Ziucite. 


Orthoclase. 


Rhodonite. 


Strnvite. 


Zircon. 


Ozocerite. 


Butile. 


Sulphur. 


Zoisite. 


Pectolite. 


Sal ammoniac. 


Sylvite. 
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CLASSIFIED RECORD OF MONTHLY METEOROLOGICAL REPORTS 
PRESERVED IN THE SMITHSONIAN INSTITCTION. 



Name of station- 



Name of obeerrer. 



KORTH AMERICA. 

BRITISH AMERICA. 

AbltibiFost 

Fort Andergon > 

Fort Georee j 

Fort Liard 

Fort Notcopee 

Fort Normau 

FortRae 

Fort Rae, Great Slavu Lake . . 

Fort SimpaoD, Great Slave 

LaVe 

LittteWbale River '... 

Moose Factory 

Moose Factor; to Lake Sn- 

Bed River &«ttlement 

Ri^let, Labrador 

Victoria, VenconveT's Island. 
Wiunipeg , 

CASABA. 

Ifeie Brun»vidc. 

Bt. John's 

Noi'a Seotia. 
Halifax 

Windsor 

Wolfville 



Ontario. 

Clifton 

Hamilton 

KinestoD 

Micnipicoton 

MoDnt Forest 

Kiagara 

ToroDto 



1848-1861.. 
1861-1863.. 

1862 

1857-1863.. 



1859-1861, 
Ib63-1865. 

1854 

1859 

1843-1855. 
1857-1862. 
1867-1873. 

1854 

1858-1859. 
1855-1858. 

lB67-lBr3. 
1857-1863. 
1859-1960 

1860-1866. 
1B7J-1873, 
1861-1863. 
ie59-lB6tJ. 
1849, 1851- 

1855-1863. 



k.jr. 
Cbrk.Jr. 



James Lockhart. 
R. Macfarlane. 
R. Eennicatt. 
U. Connollf. 
Andrew Flett. 
Laivrence Clark, 
Mrs. Lanreoce 

B. R. Ross. 
Thomas Richards. 
Walter DioksoD. 
J. Mackenzie. 

Colin Rankin. 
Donald Gunn. 
H. Connellv. 
Dr. David Walker. 
James Stewart, 



Gilbert Mardock. 



Col. W. J.Itfyers. 
Board of Trade. 
R. J. NelsoD. 
Hon IT Poole, 

King's College. 
D. F. Hicgins. 
Acadia College. 



W. Martin Jones. 

Dr. W, Ciaigie. 

J. Williamson. 

Coliit Rankin. 

W.WjIie. 

H. Phillips. 

Magnetic Observatory. 

Capt.J.H.Lefreo7. 



as pobliahed in Nata 
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MontUj/ aietconlogicat repm^ preiened in tit SmitluoHian IntUtution — Continued. 



Nkme of station. 

St.MBrtin 

8t*abndg« 

Btntford 

KEWFOUNDLUO). 

Harbor Grace 

St. Jobn'e 



AihviUe 

Aabnm 

BeotoD 

BlnffgprJDge 

Boligee 

BoQ Seooars 

Cababa 

CarlowviUe 

Colambiaua 

Etitsnr 

FiihBiver 

Gre«DBborotigh 

HsTana 

Havuia,aix milei ew 
Bnotsville 

UviDf!BtOD 

McMatbi, Pa&t-Offlc« 

Marion ...... 

Mobile 

MobUe 

MoDToeville 

Hontgomecy 

Monlton 

Opelika 

OrviUe 

Pnirie Blnff 

SpriDg Hill 

Troy 

ToBcoloosa 

Union Springs 



1857-1865 

1868-1873 

1861-1863 

187I-I873 

1872-1873 

1857-1864 

1871-1873 

1849 



Name of observer. 



Dr. Charle« SmaHwood. 
J. C. Baker. 
A. H. Gilmoar. 
C. J. Macgregor. 



Henry A. Clift. 

Arcbibald Mnnn. 

John Delan;,Jr.,E. M. J, Delany. 

John Delany. 

H. B. M. Qiiutary post. 

Rev, R. C, Caswell. 



1857 

1854-1858.. 
1849-1851.. 

1872 

1860 

1866-1867.. 

1859 

1856-1860, 1867-1873 

1873 

1849 

1851-1852. 
1851-1852 
1868-1871. 
1856-1862. 

1868 

1853,1859-1861,1866- 
1973. 

1868-1871 

1871-1873 

1859-1860 

1854 

1873 

1849 

1859 

1869-1970 

1849, l&>l-t8[>&. 

1859-1861 

1859-1860 

1866 

1866-1873 

1861 

1859 

1867-1871 

1859-1860 

1860 

1867 

1867 

1858-1653 

1873 

1870-1871 

1872 

1866 

ie7-.fr-ie73 

185J-1854 

1854-1855 



Tbomos M. Barker. 
Prof. John Darby. 
Dr. Charles F. Percival. 
W. W. Wilson. 
Col. Horace Harding. 
W. J. Vankirk. 
Dr. Matthew Troy. 
Dr. H. L. Alison. 
W. B. Sommerville. 
Dr. Samuel K. Jennings. 
Dr. T. C. Osborne. 
A. Wincbell. 
W.J. Vankirk. 
BoberC B. Waller. 
N. T. Lnpton. 
Prof. H, Tutwiler. 

Dr. S. K. Jennings. 

Dr. E. L. Antony. 

Ruv. a U. Smith. 

R. T. Meriwether. 

D. H. Samner. 

Dr. a B. North. 

Rev. J. J. Nicholson. 

Lewis B.Taylor. 

8. J. C mum log. 

Rev.J.A.&hepheid. 

W. L. Foster. 

Andrew J. Harris. 

Thomas J. Peters. 

Prof. J. Shackelford. 

Ashley D. Hoot. 

J. H. Sbields. 

Dr. S. K. JenningB. 

T. A. Huston and J. A. Colemaa 

William Henderson, 

R. H. Reynolds. 

Dr. S, K. Jennings. 

C. Cadle, jr. 
Dr. C. F. Kahs and 
Dr. H. 8. HndsoD, 
A. Coniette. 

D. P, Hurley. 
Ppof.M.Toomey, 
""""ge Benagb. 

Monltiie. 



lb, Google 



86 MONTHLY METEOEOLOGICAL BEPOETS. 

iloniklj/ mettorologioal reporti praerved im the StidOuoiian JnitlliitiMi— Continned. 



Name of atatiou. 



Name of obserrer. 



UulOQtown 

Weh>kavill« 

Alalia. 

Fort YonkoD 

Nalato 

Saiut Panl'a laltud. 
Sitka 

Baint Michael's .... 

Unalakleet 

Fort Whipple 

Arltaiuat. 

Arkadelphla 

BentoQTille 

BrowDsville 

BDckbom 

ClsrksTille 

DoakHville 

Fayetterille 

ForeHl City 

Fort Smith 

Gaineavllle 

Oreeu Grove 

Helena 

Jackeooport 

LittteBock 

Mineral Springe 

Moantain Home . . . 

MouDt Ida 

Perryville 

Pocahontas 

Spring Hill 

Wftldron 

Woaliuigtoii 

YelWUe 



Cal{fa 

Anbam 

Cahta 

Chico 

ClaTton 

Columbia 

Cr«eceut City, , 
Downievllle ... 



■-1888.. 
■868-1870.. 
.865-1866.. 



1859-1861.. 
1859-1860.. 

1850 

1871-1872.. 

1860 

ia70-1872.. 
1878-1873.. 
1866-1867.. 

1859 

1860 

1865-1873.. 
1859-1860.. 

1849 

I860 

1870-1873.. 

1873 

1S72 

1861 

1872-1873.. 
1859-1861- 

1856 

1871-1872.. 



1872 

1859-1860.. 
le59-l»60.. 



1859-1860, 
1869-1873. 
1869-1872. 

1870 

1857-1860. 
1859-1860. 
I860..;... 



B. Eennicatt 
W.H.Dall. 
Charles Bryant. 
Dr. Alexander H. Hoffl 
ChorleH Bryant. 
H. M. BanDistor. 
J. W. Bean. 
F. Weetdabl. 



Dennis Barlow. 

Female College. 

Panl Graham. 

B. P. Conlter. 

Armistead Yonnger. 

E. Oreeoe. 

HiBsS.McBetb. 

Charles L. McClnng. 

William F. Wellborn. 

Rev. Francis Springer. 

James T. Da vies. 

Dr. Bobect Bnrris. 

O. F. BoBsell. 

Dr. G. A, Martin. 

Philip L. Anthony. 

Rov. H. F. Buckner. 

Harmon Bishop. 

Prof. D. C. Cowling. 

J.O.P.McLenden. 

J, S. Howard. 

Qranville Wbittington. 

W.H. Black well. 

H.F.Hardy. 

Joseph P.Martin. 

P. F. Finley. 

J. BeynolUs. 

P. F. Finley and J. Beynolds. 

Oeorso W, FeatbeTsCone, 

Dr. Aleiander P. Moore. 

Dr. N. D. Smith. 

Charles White. 

J. E. Borden. 

J.W.Weast. 

W.B.Flippin. 



Robert Gordon. 
Doctor Thornton. 
Dr. W. Fitch Cheney. 
Charles L. McClnug. 
Dr. Silas Earle. 
Boi^ert B.BundoU. 
Dr.T.B.Kibbe. 



oo^le 
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itomlUif mettoroloticai rrporU preierved in tke Sniiluoitian /ntUdiifoN— Con tinned. 



Name of station. 



El UoDte 

FoUotu 

Fort Yams 

Honcat 

Indian Tollejr 

Jjft Grange 

live Island ..-. 

Hanh'B Baucbe 

Martinez 

MaryavtUe 

UmmIow VaUe; 

Uendodno Cit^ 

Mokelamne HiU 

Monterey 

Mnrphj's 

KatioonlCity 

Paradise Xi^ity 

Pnsidio of San Francisco . 

SacTMuento 

SalinanCity 

San Diego 

SanFraaeisco 

Santa Barbara 

Santa Clara 

Santa Cms 

Santa Rosa 

Spaniah Baoch« 

8tockt«n 

8t«ny Point 

Dnion Ranohe 

Tacaville 

Visalia 

WatsouTille 

Colorado. 

Canyon City 

Central City 

Colorado City^ 

Colorado Springs 

Denver City 

Fort Collins 

Fonntaiu 

OoldmCity 

Las Animas , 

Montgomery 



IW0-I871 

1872-1S73 

1673 

ie6*-ie73 

1867-IBC8 

I860 

ie57-ia'a, i86i-ie«3, 



1864.. 



1873 

1859-1801 

1^59-1^60, 1864-1872 

1868-1869 

187a-I873 



186a 

ie«3-18G4 
1852-1861. 

1854 

18K 

1849-1868 

18«:i 

1872-1873 
1871-1873 
1856-1863, 
1854-1855 

1B64 

1659-1861 

1859 , 

1873 , 

1873 



1864-1866.. 
Ift-i-V-lPSe.. 

1867 

186D 

1868 

ie«f-1870.. 
IB70-1H71.. 
1869-1872... 



1860-1661.. 

1871 

I«71-ie72.. 
1872-1873.. 

1859 

1809-1873.. 
1872-1873.. 
18S6-lfi67.. 
1871-1873.. 

1837 

1871-1873.. 

1873 

1863-1865.. 



Name of observer. 



James Slaven. 

J. Slaven and Mrs. E. S. Dunkam. 

Mrs.E.S.Dnnkam. 

Mies H. E. Pulsifer. 

Urs.M.E.P.Amee. 

Joeepb Domenici. 

United States uaval bospitaL 

Francis M. Rogers. 

Ednin Howe. 

W. C. Belcber. 

JamcflH.Wbitlock. 

Dr. Colljert A. Canfleld. 

M. D. Smith. 

Doctor Thornton. 

Wesley K. Boacber. 

Dr. Colbert A. Canfield. 

Ephraim Cutting. 

J. M. Asher. 

W. A. Wrigbt. 

Dr. W.W.Hays. 

D.F.Parkinson. 

Post snnjeon. 

Dr. F. W. Hatch. 

Dre. F. W. Hatch and T. M. Logan. 

Dr.T.M. Logan, 

Charles Craft. 

Dr. E.K. Abbott. 

Dr.G.W.Baniee. 

Dr.W.O.Atree. 

Dr. H. Gibbons. 

Dr. W. W. Hays. 

Prof. 0. S. i'^mbes. 

Lewis A. Gonld. 

A. L. Taylor. 

Prof. W. B. Hardy. 

M. D. Smith. 

Mrs. M.D. Smith. 

Dr. Robert K. Ried. 

Waller M. Trivett. 

Doctor Thornton. 

W.L.Danknm. 

Prof. J. C. Simmons. 

J. W. Blake. 

Dr. A. J. Compton. 



Thomas Macon. 

W. D. McLain. 

A. M. Merriam. 

K. S.Nettleton. 

E. S. Ncttleton and E. Cropley. 

D.C. Collier. 

W. N. Byets and S, Y. Sopris. 

R. Q. Tenney. 

Arthur M. Merrism. 

C In J ton J. Croft, 

E. L. Berthoud. 

George W. Davies. 

R. F.l^ng. 

James Lnttrell. 



Google 
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Monthlg mtUorohgical r^iort* prtierved t» Ilia SnitJumiaii InalUitlioti — Continued- 



Name of station. 



UonDtaiu City 

Pueblo 

CotintcUe»U 

BrookBeld 

CaDtvu 

Colebrook , 

Columbia , 

EastWiDdsot Hill. 

Cleorgetown 

Oroton 

Hartford 

Middlstown 

New Haven 

New London 

North Colebrook 

North Greenwich . .. 

Norwich 

PlymoDth 

Pomfret 

Salisbury 

Sajbtook 

SoathiuKtoD 

WalliDglbrd 

Waterbury 

West Cornwall 

Windsor 

Dala>ta. 

Bon Homme 

Cheyenne 

FortUuion]. ;.";.'.": 

Greenwood 

Ponka Ageuey ... .. 
Yankton 



Dclawiir«. 
Delaware City 

Georgetown 

MaroidV.V.V.";.'.^' 



1868-1670 

I8ei-1863 , 

1860-1873 , 

1856-1873 

1852 

1855-1857 

1866-1868 

1849-1851 

1854-1858, 1659-1868 
ie49-lW52 , 

leea-ierj , 

1859 

1B63-1864 

1B49-Iti51 

lH4a-ie51, 1852-1858 

1849-1851 , 

1870-1673 

1855-1858 

1862-1864 

1853-1869 

1849-1851, 1853-1854 

l'i53-1861 

1872 

1870-1873 

1856-1862 

1867-1869 

1854 

1851 



Name of obaerver. 



Sanford W. Eoe. 

Jar via Case. 

MisbC. Rockwell 

W. G, Yeomans. 

P. A. Cbadbonrne. 

Aaron B, Hull. 

Gov. E. Dewhnrst. 

Charles H. Hoadley. 

Prof. J. Johnston. 

Prof. A. W.Smith. 

Prof. J. Johnston and H. D.A.Ward. 

H.G.Dnboia,jr. 

D. C. LeaTenwoitb. 

Prof. E. Cutler, 

Rev.TTTon Edwards. 

M. H. Cobb. 

Rev.W.P.Alcott. 

N.Scholfleld. 

Dwight W. Learned. 

Rev. Daniel Hunt, 

Dr. Ovid Plumb. 

James Rankin. 

Ang. Barnes. 

Lnman Andrews. 

Benjamin F. Harrison, 

Rev, R. G. Williams. 

T. 8. Gold. 

R. H. Phelps. 



1372 

1872 

lOTa 

1857-1858.. 
1859-1661.. 

"1871 

1865 



I866-16G7.. 

1854 

1870-1873.. 

IS69 

1849 

1857-1*58. . 
1869-1870.. 
1870-1871.. 
1871-1SJ3.. 

1849 

1852 



. H.C.Greene. 
A.R.BayliB. 
Henry Ambrose. 

F. G. Riler. 
Freeman NorvelL 
Rev. J. Owen Dorsey. 
U. K, Armstrong. 

G. D, Hill, G. W. Lawaon, H. Q. 
Williams. 

H. G. Williams. 



, L. Vankekle. 

J.P.Walker. 
. J. H. Bateman. 

Dr. D. W. Manld. 
. Jobu Burton. 

~i. A. Martin. 

Mrs.A.C,Whittier. 

Mrs. W.H. Phillips. 

B,H,GilmaD. 

Prof, W.A.Norton. 

PTof.E.D Porter. 

Prof. W. A, Crawford. 
, Prof. W. A. Crawford, R. A. Martin. 
. Prof. W, A, Crawford, R. A. Martin, 
T. J. Craven. 

Thomas J .Craven, Hra. £. D. Porter. 
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MONTHLY METEOEOLOGICAL EEPOETS. 89 

MoKlkl!/ vttttorological r«p«rU pre*OT«d in Ike SnuHuvnian /iufitiif><>n — Continned. 



Nuae of station. 

NewMk 

Wilmiogtou 

Dittriei of Columbia. 

Geor^towD 

Waamngton 



Florida. 

Alligator 

Ataeoa Otie 

Belair 

Biwlata 

Biacajpne 

Cedar Ee;B 

Cbatlaboochie Aiaenal 

CbeatnatHill 

Davtona 

FemandiDa ......... 

Fort GeoTKO 

GainceviUo 

Gordon ■-. 

Green Cove Spring,... 

lIilHjTiiia 

JackBOUTiile 

Key WcBt, (Salt Pond) 
(M^. oba.) 

KnoiHill 

Lake City 

Manatee .. 

Mayport . 

MicSDopy 

Newport 

New Smyrna 

Ocala 

Orange Grove 

Orange HUls 

Feosacola 



FUatka 

Foit Orange.. 
Springfield... 
^Dt Angnatii 

TnTTihannrn 



Name of observer. 



1858 

1856 

1863-1865.. 



, Mrs. E. D. Porter. 
. Robert Crawford. 
. Urban D. Bedges. 



1860-1863 

1852-1860, 1B64-1867 

1857-1858 

1854-1874 



1857-1858.. 
1859-1861.. 
1857-1'^58.. 
1871-1873.. 

1870 

1872-1373.. 
1851-1858.. 
1869-1870.. 

1851 

1870-1873.. 

1867 

1872-1873.. 
1855-1861.. 



itjce. 

1857-1858. 

It631-fi60. 1866-1872 

1854-1864. 

1860-1861. 

1861-1862. 

1852-1853. 

1859-1860, 1866-1869 

1867 

1868 

1809-1870 

1873 

1856-1860 

1370-1873 

1873 

1871-1872 

1868-ie72 

1870 

1K4 

IMS, 1857-1860. 
1851-1854 



1856-ie6D.. 
1870-1871.. 

1859-1861.. 



1959-1860.. 

197^.. 

1671-1B73. . 



Rev. C. B. McRee. 

United States Naval Obaervatory. 

J. Wieflsner. 

SmithsoQiau Institntion, 



Edward H. Ivea. 
Ang. Steele. 
Benjamin F. Whitney, 
Charles P.PoweU. 
W. H. Hunt. 

E. T. Startevant. 
Aug. Kteele. 

M. Martin. 
John Newton. 
8.N.ChaDiberliu. 
Henry M. Corey. 
JobD F. Rollins. 
James B. Bailey. 
Dr.P.C.Garviu. 
H. B. Scott. 
G. A. Board man. 

F. L. Bachelder. 
Dr. A. 8. Baldwin. 
W.C. Dennis. 
GeoiRo D.Allen. 

G. F.Fergnsou and J. 0. Oltiuans. 
John Newton. 

Edward R. Ives. 

Galen M. Fisher. 

Rev. W. W. Keep. 

B. A.Coacfaiuao. 

W. F. Keelei'. 

Dr. Jamee B. Bean. 

Rev. Charles Be«cber. 

George J. Aldeii. 

Edm. K. Lun-il. 

Edward Barker. 

W.J.Clarke. 

John Newton. 

United States Davy-yard. 

J. PearaoD. 

J. Pearson aud Jos. Fry. 

Joi. Fry. 

Job. Fry and J. W. Hester. 

Lleot. J. W. Hester. 

Gen. George D. Robinson. 

W. M. 1.. Fiske. 

Dr.J.M.Hawke. 

Edward Barker. 

Dr. John E. Peck. 

Dr.P.B.MauraD. 

GeoiTte W. At wood. 

Benjamin F.Whitner. 

W. 8. Bogert. 

Jjarduer Gibbon. 

Troman S. Betta. 

W.F.White. i 
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Monlily meltoTOlogical rtforU pntenxi in lie SnitJUoniaB iiMliAiiuM»-0>iitiDntd. 



Name of obwrver. 



UcheeADQa 

Warrington 

Welbora 

White Sprioga 

Georyia. 

Athene 

Atlanta 

Augusta '. 

CbImuIm 

ClorksTille 

CoviDgtoD 

CnllodeD 

Cntbbert 

Dalton , 

FBotoryMil'la!!".^;;, 
Gainesville 

HtlUboTonKh 

LaPayett« 

Macon 

Madison 

Milledgeville 

Fenfield 

Perry 

Philomath 

Powelltoa 

Qnitman 

Saint Mary's . 

Sanderaville 

Savannah 

Sparta 

Snoiinervillo 

TbeRock 

Thomaeville 

ThomsoD 

TradertHill 

Whltemareh Island . 
Zebulon 

Cantonment Jordan 

Fort Benton 

FortHaUeck 

Fort Laramie , 



1849 

1859-1860 

1871-1873 

1870 

1857-lffi9 

1859-lfl60 

1865-1873 

1873 

1854-1857 

1854 

1858-1860 

1870-1373 

1865-1868 

1872-1873 

1873 

1859-18C1 

1859 

1859-1861 

1852-1^3 

1860 

186t 

1849 

1857 

1873-1873 

1872-1873 

1857-1859 

I«'l-isr3 

1868-1869,1672. 

1868 ..... 

1668-1869 

1869 

1^4 

1849 

1849 

1859 

1869-1873 

1851-1852 

IH57 

1852 

1870-1873 

l'n'0-1873 

1869-1870 

1871-1873 

1852-1859 

1^9-1861 

1852-1861 

1868 

1855-1860 

1860 

1858-1859 

1872-1873 

1849-1858 

1857-1859 

1859 

1863 

1864 

186J-1864 

1865 



John NewtoD. 
Thayer Abert. 
George R.TIiraUs. 
B.W:Adanie. 



Prof. John D.Eaater. 

J. G. Westmoreland. 

Fred. Deckner and son. 

O.W.Walker. 

William Haines. 

WLliam Schley. 

Dr.W.H.Donghty. 

H. L. HilJyer. 

BoT. W, Blewitt. 

A. Colvard. 

James M. Shannon. 

Jarvis Van Boreo. 

Col. J. R.Stanford. 

Benjamin F. Camp. 

John Darby. 

Charles C-Seavey. 

J. R. McAfoe. 

Charles Grant. 

F. T. Simpson. 

Dr. M. F. Stephenaon. 

W.T.Grant. 

Eli 8. Glover. 

A. R. McCntchen. 

Miss L. J. Whitney. 

John A. Rookwell. 

J. P. Adiims. 

Miss 8. M. Proctor. 

Prof. William D. WiUiama, 

J. M. Cotting. 

Prof. C.W. Cane. 

Prof.J.E-Willet. 

Prof. Sheltoo P. Sanford. 

Dr. Oeor(;e F. Cooper. 

James M. Reed. 

P.C.Pendleton. 

John L. Cntter. 

Ebenezer Barker. 

H. L. Hillyer. 

Horatio N. HolliSeld. 

Dr. John F. Pusey. 

R. T. Gibson. 

Dr. E, M. Pendleton. 

S.E. Habenham. 

Dr. James AtidersoD. 

Kev. W. Blewitt. 

Dr. W. T. Grant. 

Dr. F. M. Smith. 

R. T. Gibson. 

Mrs. J. T. AraoM. 



W. W. Johnson. 
M. C. Rosseau. 
J. H. Finfrock. 
Col. W.O. Collins. 
Di. A. F. Ziegler. 



Google 
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Name of atetloD. 



1861-1864 

lesJ 

1849 

1(^49 

1866-1873 

1851-1858 

1849-1873 

1857-1861 

18«i-1868 

1868-1873 

1853-1854....*.. 
1857-1861 

less-ii-aa 

i8ei-iH6a 

1860-1863 

1861 

laca 

1866-1872 

ie69-if«i 

3«65-ie&8 

1859 

1857 

185B 

1865 

Itl7a-1873 

1860 

1861 

iwo-ieri 

1^1 

1856-1M7 

1859-1873 

1860-1861 

1860-1861,1863.. 

1862 

itm 

1863-1864 

1866 

18G7-le73 

1864-1866 

1869-1872 

186G 

1859-1863,1807 

1861-1862 

1865-1873 

1864 , 

1858 

1857-1861 

1869-1870 

1858-1861 

1862-1863, 18G5-1S73 

1864-1871 

1858 

1859-18C0 

1864 

1864 

1864 

1865 

1866-1867 

1866, 11569-1873. 

1860 

1S57-1858 



N»Qie of obwrrw. 



WttTTOD Olile. 

EdKor P. TbompsoD. 

S.Y.HcHa8t«n. 

Norton JobosoD. 

Dr. E. H. BowmBD. 

Joel Hall. 

Dr.S.B.Meaa. 

Andrew J. Babcock. 

Dr.Abiram 8paalding. 

Dr. A. Spanlding and Hn. E. D. 

SpanldiDg. 
Prof.Willisiu Cofflo. 
Dr. ThumpeoD Uoad. 
E. Capen. 
Prank Crandun. 
H.T.Baker. 
Dr. John J. Patrick. 
Dr. J. J. Patriok and N. T. Baker. 
O. B. Mow. 
Jeese Alii hod. 
WmiamV.EIdridge. 
UtB. William 8. Tbomas. 
SotDQel J. Wallace. 
Mrs. E. M. A. Bell and 3. J. Wallace- 
H.A.Schanber. 
A. P. S. Stuart. 
Rex. D. H. Shennan. 
Dr. Joseph Fitch. 
Cbarlea Qranieslej. 
Henry Falcott. 
G. D. Hiecox, 
Samael Brookes. 
M. C. AnnstroDg and J. H. Roe. 
ODStaTO A. Boettner. 
A. M. Bjme, J. H. Roe, and otbera. 
John O.Donoghoe. 
Aitbnr M. Byrne, 
laaao A. Poole. 
Jobn G. Laoggotb, jr. 
C. H. Hoore. 
Timotby Dudley, 
Jobo D. Parker. 
J. Tbomas Littlo. 
Ralph E.Meeker. 



Willii 



aC.Si 



C. Ziwler. 

J. W. Brown. 

Dr. E. B.Bowman. 

Dr. Wesley TbompeoD. 

John B. Newcomb. 

Orestes A. Blanchard. 

W. U. Adams. 

B. O. Meacham. 

Cbarlse E. Smith. 

A. D. Lang worthy. 

W. H. Morrison. 

H.W.8COTHI. 

Jos. n. Gill and otben. 

Frederick J. Bdbo. 

Prof. Oliver Uaroy, 



lb, Google 
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Name of observer. 



1806-1670 

16M 

1857 

1870-1873 

18C3-1865 

1868 

1870-1973 

, isao-ie64 

, less 

, 1864-1865 

1800 - 

, 1H49 

1858,1861-1864.... 

, 1874-1873 

. 1867 

, 1B59-1B61 

. 1867-1868 

. 1869-1873 

. 1866-1869 

. 1854-1861 

1862-1665 

186&-1B70 

1871-1873 

lWl-ie73 

. 1856-1858,1868.... 

1859-1863,1965-1866 

1868-1869 

1869-1873 

. 1871-1873 

1869-1871 

1849 

. 1866-1873 

. 1859 

1859-1860 

. 1''59 



1870-1873 

1860-1861 

1S61J-1861 

1859-1860 

1860 

1862-1870 

1869-1871 

. 1868 

. 1857-1865 

1855-1873 .J... 

1861-1862 



Bidge Farm, VcrmiUion Co.. 

Eiley 

Bobinson's Hills 

Bochello, (dJta) 

Bockford 



1856-1867 

1860 

186ft-1871 

1849 

1872-1873 

1873 

1972-1873 

1873 

1859-1870,1872-1873 



Emil Haaser. 

Prof. William Liviugstoo. 

W.F. Allan. 

Rev. Willitun T. Eldridge. 

L. 0. Edgerly. 

J. L. JeoLins. 

Joseph Cocbcauo. 

Heiir; OriEQag. 

fimilef Sbeppurd. 

KthsD OHbom. 

A.F.Bsndetier,Jr. 

John S.Titcomb. 

J. EllBtTortb. 

O.J.Marab. 

Prof. WilliBO) Coffin. 

Timothj Dudley. 

Mnt. Margaret Hamilton. 

A. H. ThompeoD. 

Prof.N.E.Cobloigh. 

Timotby Dudley, 

D.U.Cbafie. 

Henry K.Smith. 

John Grant. 

Johu Grant, Miss Kllen Grant 

John and C. W, Grant. 

John and Maggie Grant. 

Potor Murray. 

0. P. Rogers. 

O. P. and J. 8. Bogers. 

F. Rogers. 

J. W. James.' 

A. W. Puffer. 
W.E. Henry. 
Silas Meavham. 

Rev. Alexander Duncan. 
Lewis Ellsworth. 
Milton S. Ellsworth. 
Rev. William V. Eldridge. 
C. H. Bryant. 
Rev. H. H. Brickensteiu. 
H. N. Patterson. 
Dr.J.H.Pashley. 
Dr. J. 0. Harris. 
Dr.GoorgeO. Smith. 
Samuel L. Sbotwell. 
Mrs. Emily H. Merwin. 
Dr. Thomas Finley, 
C. LeviDK. 
J. H. RibTet. 
Dr. Fretlerick Brendol. 
M. A. Breed. 
Dr.J.B.N, Klinger. 
Rev. Q. B. GiddingB. 
Franh J. Heame. 

B. C. Williams. 

E. Babcock. 
Dr.E. Brendel. 
Dniiiel Carey. 
William Holt. 
Jamea H. Blodgett. 

F. A. Ticknor. 
Thomas D. Robertson. 
W. A. Burdick. 
Dr. Naham E. BaUoo. 



Google 
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Kame of ataUoD. 


Period. 


Nam« of observer. 










186*-1866 

1867-1870 


H. C. F^man? 












Verry Aldrich. 


































Timotby DDdlev. 








I«i5, 1»(I7, 1868 














1870-1872 1 


Dr. C. Joiefe. 






Timothy Dudley. 










Henry A. Fitze. 










Prof. GeorfceU. Collier. 




1659-1863 

1862 

1858-1870 




j'ssi? 




wiSdBtoTk^ ..;::::.■::::; 


George R. Bassett. 

E.S.Phelp8. 

E. S. Pbeipe aod Mua L. K. Pbelpa. 

V.P.Gay. 




1864 

1865-1873 

1864-1865 




Indiana. 






1859.1866-1873 
















1864 












Prof. C. M. Dodd, T. H. Mallow, and 
ot tiers. 










Hamilton Smith, Jr. 




















1865-1871,1873 


Dr. F. McCoy and MiBB Lluie Mc- 
Coy. 
Joho F. Cris^ 






























Prof. Job. Tingley. 
















Royal Maytew. 

W. W. Botterfield. 

W. W. Butterteld and Mrs. Bntter- 

Beld. 
W.J.Elstnn. 
O. V. Wooley, E. Hadley, and B. D. 

Craighead, (city hospital.) 
Albert C. Irwin. 


Jalapa 


1W64-1866 

1866-1867 

1866-1868 

1869-1871 

1368-1869 



oogle 



4 HONTELT HETEOBOLOQIOAL BEFOBTS. 

JfontMy meUfuvlogkal Teporii prttervtd ta t&e SniOwniow JuKlotioii— Continned. 



NMue of station. 


Period. 


Nameofobaerrer. 






W.B. Coventry. 










Daniel SpiUer. 














1854 


A.H.Biiby. 














1869-1370 

1849 


J. W. Newton. 
B.M.Newklrk. 










Dr.W.W.Sprett 
































































Blake. 






George C. MnnBeld. 

J. A. Applegttte aod danghter. 




1869-1S73 

1863-1804 

1866-1870 






G. W. H. Kemper. 










1063-1865,1869 


Dr, E. 8. Crozier. 






ThoB. B. Redding. 










Dr. D. D. Owen. 




1849-1851,1867 










1859 


A. P. Turner. 








1864-1865, 1867-1871 


Dr. J. H. Longbridge. 






1851-1856, 1869-1861 


W. W. AoBtiD. 
Josepb Moore. 
































1959 

1B59-1862 


J. M. Teubrook. 
J. T. Bnllock. 










Prof, Thomas Tagnlec. 
















Reoben Borrongbs. 












































1671 


J. W. Ctirtia. 



Google 
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MoutUg mtteorologicat rtporft prtierved i« Iht SnithtonioH /nafUiiltmt— Continaed. 



Nome of statioD. 



/■dtaa Terrilory. 

AnnetronK AculeiDf .. 

Doabsville.... 

Tahleqnab 

Aflon 

Algona 

Atelian 

Bangor 

Bell«Tne 

BooDsborongh 

Border Plaias 

Bowen'a Prairie 

BDrliiigtoD 

Ceres 

Clariuda 

aintoD 

CouDcil Bluff. 

Dtkot* 

DsTeuport 



Des Uoines- . 
Dabnqiie 

I'atTbanks ... 
Fairfield 

Fajetto 

FoDtaoeUe - .. 

ForreatTille .. 
Fort Uadison 
FrsDUiii 

Fort Dodge.. 



Name of otMerrer. 



Piof. A. O. Moffatt. 
P. P. Browu. 
. T. B. Vui Home. 



1871-1873 

1860 

1861-1665 

1866-1870 

1867-1873 , 

1871 

1867 

1872-1873 

1861-1863 

1856-1860 

1867-1873 

1856 

1857-1859 

1868-1871 

1859-1860 

1866-1868 

1868 

1865-1868 

1865-1866 

1872-1873 

1856-1858 

1866-1871 

ieri-1673 

1871-1873 

1867-1868 

1858 

1859 

1859 

i860 

1861 

I8C1 

1862 

1803 

1864 

1865 

1866 

1867-1872 

1B6&-1867 

1851-1955, 1857-1858, 
1866-1871.... 

1854 

1856 

1871-1872 

1856 

185ft-lB60 

1859 

1859-1961) 

18C6-lB6e 

1868-1873 

1859-1863 

18SS-1864, 1855-1868 

1857 

lt©8 

1867-1869 



H. V. AHbby. 

Dr. F. UcCof. 

F. HcCof and Uiu E. HcCoy. 

Philip Dorweiler. 

Jamoa H. Waneo. 

Ernest Adama. 



Isaac M. Gidley. 
John C. Forey. 

E. Babcock. 

G. C. and W. K. Goes. 

Wm. K. Gobs. 

Bam Del Wood worth. 

John M. Corae. 

Louisa P. Love. 

Mrs. James Love. 

John M. Hagennick. 

Dr. S. H. Kridelbangh. 

Kiideibangh and Peteraon. 

Natbaii U. Parker. 

P. J. Fams worth. 

Gregory Marshall. 

Benjamin Talbot. 

William O. AtkiaMQ. 

Nathan H. Parker. 

A. J. FiDley. 

H. S. FinlKj. 

H. S. Fioley aod W. P. Douvoody. 

J. CbauiberlaiD, W. P. Dnnwoody, 

H. H. Belfield. 
Dr. lenatina LoDger. 
H.B.BelfleldaodW.P.DoDwoody. 
J. CbaDiberlain and W. P. Dnii- 

J. CbamberlaiD. 

George B. Pratt. 

G. B. Pratt and Sydney Smith. 

D. 8. Sheldon. 

Bev. J. A. Naah. 

Dr. Aea Horr. 
Bev. Joshua FhelpA. 
Dr. W. W. Woolsey. 

F. A. Rom. 
Dexter Beal. 
J. H. Shaffer. 
Hiss Sne HcBeth. 
John H. HcKenzie. 
A. F.Bryant 

A. F. and Mrs. Jnlia A. Bryant 

Daniel Sheldon. 

Daniel McC ready. 

Dexter Beal and W. W. BeaL 

Dexter Beal. 

C.N.JorgensoD. 



.oogic 
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ilonlhts nttteorologieat reportt pmerred i» the Smithtonian Intttialion — Cootinaed. 



Name of ntatinn. 



Name of observer. 



Fort MadieoD... 

Grant Cit; 

Grove Hill 

Guttenbarg . . . . 

Harris Grove... 

nopkinton 

IndependeQce .. 

Iowa City 

Iowa Falls 

Keoknk 

KosBDtb 

Leinana 

Liiftrd 

Mancbester 

Maquoketa 

Marble Eiock.... 
Uineral Bidge .. 
Monticello 

Mount Pleasaut. 
Mount Temon.. 
UoBcatine 



Newton 

Ooona 

Pelltt .'.V.'.V.'.V.V.'l 

Pleasant Plain 

Pleasant Spring ... 
Plum Spring 

Ponltney 

QaasqaetoD 

Bed Oak Junction, 

Eolfe 

Bouvllle 

BaoCitv 

BionxCity 

Saint Mary's 

Teruon Springs 



1668-1W2 

1872-1S73 

iaG9-ie73 

lesB-ieco 

18B1 

ie«2 

1(«4-1P66 

iefi6-ie73 

1866-1873 

1860-1861 

1872-1873 

1861-1867 

1862-1666 

1866-1873 

1867-ier3 

1856 .■... 

1857-1858 

1861-1873 

ISfi-T-lOTS 

1853 

1866 

iec3 

isfio-iaiii 

1871 

1869 

1859-1967 

1868-1865 

1966 

1905-1866 

1957 

19C7-1<*73 

19G8-1870 

1964-1966 

1S66-1970 

1870-llf;2 

1872 

1663-1964 

1871 

1857 

1960-1873 

164iHe52, I8Ki-lK)9 

1853-1354 

1860-1864 

1900 

1961-1962 

1863-1873 

1869-1870 

1804 

I8C6-18S7 

1854-1856 

1855-1965 

1858 

1855 

1859 

1853-1&54 

1953-1856 

197a 

1869-1970 

1857-1959 

1870-1872 

iaW-1953 

1901-1863 

1853 

1861-1863 , 



Daniel McCrendy. 

Miss Lacy McCrendy, 

Edwin and Mrs. Bosina Millet. 

Doxter Beal. 

Dexter Beal and W. W. BeaL 

Mrs. Celia Beal. 

Philip Dorweiler, 

Jamea P. Dickinson. 

Jacob F. Stem. 

H. B. Williams. 

T.H.McBride. 

D. 8. Dcering. 
A, C. Wbeatjin. 
Mrs. D. B. Wbeaton. 
Dr. G«orge Warns. 
Hcnuann H. FairalL 
W. Reynolds. 

Prof. Tlieodore S.Parviu. 

Nathan Towntiend. 

Dr. J. E.Bali. 

Prof. E.M. Taylor. 

William P. Leonard. 

laaiub Reed. 

A. P. Gilberi^ 

J. J. Bmce. 

Dr. A. T. Hndaon. 

P. J. Famsworth. 

Dr. J. Messnan. 

Alien Mead. 

EJwonl F. Hobart). 

H Wadey. 

J. F. Snllivan. 

Cbanncey Mead. 

M. M. Monlton. 

Bufas F. Smitb. 

J. £. Janee. 

E. L. Briggs. 

A. A. MauxSeld. 
Prof. B.W. Smith. 
Prof.AlonM Collins. 
T. S. Pan.in. 

P. a. Pwvin. 

B. Foster. 

T. 8. Parvin and Rev. John UfTord. 
Bev. John Uironl. 
Josiah P. Walton. 

A. Failor. 

Bi chard tjtebbins. 
BeT.AlvaBuHh. 
E. H. A. Scbecper. 
Towneeud McComlell. 
Rev.B.F.O(loll. 

B. F. Odell and Mary O. OdeU. 
Rev. it. F. (Well. 

Dr. B. F. (Well. 
Dr. E. C. Bidwell. 
E. A. Harris. 
Oscar Ii. Strong. 
Cnrlinlo D. Ucituian. 
Daniel B. Nelson. 
Dr. J.J.Saville. 
A.J.Millard. 
D. E. Bead. 
Gregory li 
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orological reportt prtirmd in Ok Smitlimiiian latiilatioH — CoDtinned. 



Kome of station. 


Period. 


Name of observer. 












C.R.Bojle. 
T.H. Doyle. 
























lo71-l«72 

18<i7-l«7;l 






David K. Witter. 






















Horn. 






Inffrnliaw & Hylaud. 








11*73 

1873-1873 

,1672-1873 






J. W. Raynolds. 
R. F. Eoeio. 






1871-1873 


R. M. HoekinsoD. 




1871 


J.D.Parker. 
















I(fi7-1K)8 


































1^62-1864 


Dr. Fred. P. Drew. 

Post Surceou. 

J. M. SLuffer and E. P. Cani[K 








im 
















A.M.Huut. 






Dr. W.E. Henry. 
Dr.E.W.Seynimir. 
0. W. Brown. 








In5--1H59 








IH6S-1864 

1863-1804 


A. N. Fuller. 

W.L.G.Sonle. 

George \V. Hollingwortli. 








m-i7-ie39, 1806 

1858-1660 


H.D.McCarty. 
E. L. BertLood. 








Dr. J. StayiDftii. 


























1867, HJ69-1873 
















1863 


I. T. Goodoow and H. L. Denisou. 






AgT'cultoral CoUege, B. F. tloih^r 
and otlierg. 
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Montilg meteoroJogicat reports preferred in the SntiHuoiiiait Inttitotion — Continued. 



Kaue of atation. 



Moplet'Ou 

Moueka 

Koosbo Falls,... 

Nurth Topek».. 

Olatha 

Piioli 



Topeka 

Williamubnrgh .. 
Wiltiamstonu ... 
Wj-uudoCCe 



Arcodift 

Ballardsville . , 
BardstowQ ... 



Beeob Fork 

BlaDdville 

BowliufcOreeD-- .. 

CbilwbuTgh 

Clinton 

Crab Orcbard 

Danville 

Drennon Springs.. 

OeoTKetown 

HurdiDiibDrgb 



Maysville 

Miltersbiirgb 

MiUersburKb 

Newport 

Nicbolasville 

Nolln... 

Padilcab 

Pleasant Vnlley 

Prospect Hill 

RiiSBpllvillu. 

Springdale, near LoniBville. 

TayloTsville 

Wiocbeater 

LoaUtana. 



Beutou 1967-1870. 



1857-1858. . 

ms 

1859-1861.. 
1868-1870.. 
1872-1873.. 
lH6i-1872.. 
1869-lif73.. 

1863 

1863 

iwa 

1872 

1858 

J871-1H73.. 

1870-1 8r2.. 
1659-1860.. 



Name of observer 



. Dr. 8. 0. Himoe. 

. J. O.WuttlesandCelcstia Wattles. 

. B. F. Goss. 

, Mrs. E. M. Groesbeak. 

. W. Neiswender. 

. W. Itecknitb. 

. L. D. Walrad. 

. O, H. BrowD. 

. O.H.Brown. 

. John M. Cotton. 

. W. H. Cotton. 

. P. W. Giles. 

. D.FokIo. 

. Jobn M.Cotton. 

. JobnH.MiUer. 



1869-1872 

IRK^.1856. 1860-1802 

1858 

1859 

1860-1801 

1860 

1871-1873 



1852 

1865-167.1 

1869-1869 

1872-1873 

1853-1862, 1865-1873 

1864 

1951 

1973 

1859 

1960-1961 

1972 

1954 

1969,1967-1909.. 

1905-184)6 

1858-1959 

1960-1863 

1969 

1970 

1952-1954 

JfiiS 

1954 

1855-1862 

1861 

1861-1663 

1838 

1859-1962 

1854-1859 

1853 

1849-1851 

1800 

1849-1955, 1857-1872 

1866 

1872-1873 



Howard Shriver. 

D. John Swain. 
Jobn H. Ln.iemann. 

J. H. LuneuiaiiD BDdTbos. H. Nilee 

Thouins H. Niloi. 

Dr. C. D. Caw;. 

EMward W. Horr. 

J. E. Younglove. 

F, C. Herrick. 

Dr. Samni>l D Martin. 

Rev.T. H.Cleland. 

John F.Tarrant. 

0. Beatty. 

R, U. Caldwell. 

Prof.S.Y.McMastor8. 

Rev. J.E. Lettou. 

Mm. Mar; A. Walker and J. C. 

Barbate. 
Joshua C. Barbaf^e. 
Rev. J. E. Lot ton. 
J. D. Sbane. 
Rev. S. E, Williams. 
W.S.Do.ik. 
Rev. S. R. Williama. 

E. N. Wo.)druff. 
Dr. S. D. Manly. 
Dr. C.IJ. Blackburn. 
E. L. Bertboud. 
Rev.J.Millor. 

Rev. J. Miller, Rev. G. S. iiavagp 

Dr. George S. Savage. 

Prof.M.G.Williums. 

Dr.Jo8.McD. Matthews. 

J.Griuuell. 

Andrew Muttison 

L. G.Ray. 

A.H.Bixby. 

O. Beatty. 

E. M. Miirch. 

Mrs L. Young. 

H. C. Mathis. 

James M. Ogden. 
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itmMg meltonlogital T^rti preaerred in the Siuitluoiaait iHtlUution — Contioned. 



Nama of bUUdd. 



NauM «f observer. 



CbeDeyville 

ClorLake.... 

Delhi 

Fall River 

GmudCoteuu .. 
ludependenou .. 

JacksoD 

Kew Iberia 

Ne w Orleaus . . . 



Point Pleasant . . 

PoncbaMiila 

Shreveport 



TidallB Plantation.. 



Belfast 

Belbel .... 
Biddeford . . 



Breicer VillHge . . 

BniDsniuk 

Bncksport 



Connel. . 
Caatine . . 
Comish . 



EastKxeler .. 
£a«t Wilton .. 



Foicroft .. 
Freedom .. 
Fo'ebarg.. 
Gardiner .. 



Hutland.... 
HonltoD 



1869-1870 

IdTl 

1871-18rj, 
1859 

leeo 

1859 

ISGO 

1854 

187-2-1(^3 

I849-ia''>7 

le5G-1857, 1859-1861 

18G0. 

18(!1.. 



1807-1873 

1868 

18T!i-1673 

lH7a 

1870-lflra 

1869-1872 

Id^JO 

IH56-1859 

185(i-lS58,1660.- 
ItffiZ 



1849 

I8S9-1860.. 
1859-1864.. 
1861-1863.. 
1849-1853.. 

1854 

1854-1856.. 

1664 

ie71-I673.. 
1849- 1P59.. 
1849-1852. . 
1871-1873.. 

1872 

1853-1857.. 

1851 

1855-1873.. 
1857-1873.. 
1800-1863.. 



1861-1863.. 

1871-1873.. 

1860-1861.. 
1863-1864.. 
1859 

I'wg-isso.. 

1855-1864.. 

1864 

1865 

1866-1873.. 
1859 

1849 

1869-1871.. 
1806-1867.. 
1864-1866.- 
IH-iSJ-ieei.. 
1873. 



R. 8. Jackson^ 
George N. LhoqL 
Rev.T.H.CIeland. 
Dr. A. W. Jackson. 
8. F. Antliouios. 
Col. C. B. Swneey , 
Mrs. M.J.Mankard. 
Prof. W. P. RiddelL ■ 
George N. Leoni. 
Dr. H. H. Barton. 
Lewis 8. Taylor. 
Dr. S. P. Mnore. 
Hairiaon Tbomjieon. 
Robert W. FoBter. 
E.L.RaL]ott.. 
Isaac Statheui 
ErneHt Tarner. 
H.C.CoDius. 
Dr. J. L. Mooce. 
h. R. Gilford. 
Dr. A. If. Kilpatrick. 
Dr. Edward Merrill. 
Rev.A.K.Teele. 



Stephen Oilman. 
C. L. Nichols. 
O. Emerson Brackett.. 
Rev. A. G. Gainea. 
J. G. Gurland. 

F. A. Small. 
Risv.S.H.MeiTill. 
H. H. Osgood. 

E. D. Mayo. 

Prof. Parker Cleaveland. 

BufuH Bunk. 

Wilhtbe Hoxkell. 

Jaines CoUon. 

J.J.Bell, 

Dr. J. L.Stevens. 

G.W.Guptill. 

Silas West. 

B. F.Wilbur 

Stephen Oilman, 

Henry Reynolds &. Laurbton Bey- 

D:. Henry Reynolds. 
Dr.J.B-Wileoa. 
M. Fitmon. 
E.A. Buller. 

G. B. Barrotvs. 
Hoi].R.H.Qardii]er. 
Rev. F.Oardiuer. 

Rev. F, &. R. H. Gardiuer. 

R. H. GardJner. 

E. E. Brona, S. W. Hall, L. S. 

Strickland, and others. 
Hilton Welch. 
Charles H. Feroald. 
Benjamin H.Towle. 
E. Pitmau. 
W.G. Lord. 
J. S. Creboce, 



lb, Google 



100 MONTHLY METEOROLOGICAL REPORTS. 

Monthlji melcorolDgiml reportg praerved in tkt Smilhaovion IiMlaUon — Confinned. 



Nameof etatioD. 



Name of obBerver. 



Lisbon 

Millliridgo 

Monwju 

Hontville 

New Castle 

New Sbaron 

North Belgrade 

Nortli BriOKutOD 

North Prospect 

Norway 

OldtowD _ 

OrlaoU 

Oxford 

Pntton 

Pembroke . 

Portland 

Riiniford Point , 

Soutli Thomaatnn 

Stanilish 

Steuben 

Surry 

Tbomaston 

Topabam 

VikKsalboroUftb - 

Wurren .■■■■ 

Webater 

West Watcrvjjle 

Wbit«hBBd 

Williansbargb 

Wjndham 

Agricultnrfll College, Pri 

George'M County 

Aunapolis 

Baltimore 

Blodeuitbnrgb 

CatODSville 

Cbeeiertowo 

Cumberland 

BlUoott's City 

EUiMttt's Hilts 

Emmittebargb 

Fallstua 

Fccderiok 



lfJ59-lSJ3. 
1872 

1856-1859. 
1871-1873. 
If71-1872. 
1871-1872 

1859 

1860-1862. 

1859-1 em. 

1860-1861 . 

1867 

1850-1861 . 
184B-1853. 
1872-187.1. 
1970-1873. 
1868-1873 . 

1849 

1862 

Irt»-I8ffii. 
1850-1860. 
1859-1861. 
1872-1873. 
1866-1869. 

1864 

1853-1854. 
1865-1B3, 
1649-1873. 
1870-1873. 
1849-1652. 
18G9-1861. 
1859-1863, 
1859-1860. 
18aT-l(W7, 
1863-1873. 
1849-1352. 
1863-1B73. 
1849-1856. 



1861-1862 

1851 

1H65-1856.. 

1856-1872 

1871-1873 

Ir^,lffi53 

lt^-1859 

1854-1864 

1865-1867 

lES5-185r 

1858 

1SV9-1860 

1861-1864 

1849 

1871-1873 

1871-1873 

1864 

1866-1869 

1867-1873 

1870-1873 

1851 

1)^2-1854,1856,1863, 
1869-1872 



Asa P. Moore. 
M.S. Pinkbam. 
B.F. Wilbur. 
J. B. ClilToTd. 
A. J. Clifford. 
B.C.Wontworth. 
C.L.13lcboIa. 
Dr. J, F, Pratt. 

A. H.Wvinan. 
M. Gonld. 
VirKll G. Eaton. 
G.W.Vcrrill.jr. 
Rov.S. H.Merrill. 
Freeman M. Chnse. 
M. C. Kemiild. 
Howard D. Smith. 
S. Bveletti. 

Rev. E. DewbursL 
William D.Dana. 
Henry Willis. 
Jobn W. Adams. 
W. H. Ohier. 
Waldo PettiDgiU. 
Edwin Pitman. 
Josbna Bartlett. 
John P. MoultuD. 
J.D.Parker. 
Oscar H. Tripp. 
George &. Clir. Prinoe. 
Warren Jobuson. 
James Van Blascom. 
Calvin Bickford. 
Almuu Robinson. 

B. F. Wilbnr. 
Josbna Bartlett. 
Edwin Pitman. 
Bamuel A.Eveleth. 



Dr. Montgomery Johns. 

Prof. W. F. Hopkins. 

Dr. A. Zumbrock. 

W. R. Goulmau. 

Naval Hospital. 

Dr. Lewis F. Steiner. 

Prof. Alfred M. Ma.ver. 

Benjamin O. Lonudea. 

George S. Grape. 

.Tames A. Pearce, jr. 

Prof.A.W. Clark. 

Rev. A. SuttOD. 

Prof. J. Rassell Dutton. 

T. C. Atkinson. 

E. T. Sbiiver. 

H.M.Sbepberd. 

Philip Tabb. 

Eli Biuith. 

Prof. C. H. Jonrdan, 

G. G. Curtiss. 

Dr. Lewis F. Steiuer. 

Henry E. Hausbew. 
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Manllily meteomlogicat reporU presemd in the Smilluoxiait iHililution — CoDtiiin«d. 



Nune of atktioD. 



Nome of obasrTer. 



Frederick 

GrosD SpriDg Funiace. 

HaKeratowu 

Leitersburgb , 

LeooATdtowD , 

Linwood 

Uonut Airj 

New Market 

Kevr Windaor 

Nottingham 

Oakland 

Port Deposit 

Be'Utertsonn 

Bi.lKo 

Sanely Hill 

Sama Creek 

Sykcsville ........ 

Saint Inigoea 

Union Bridge 

Walkeraville 

Woodlawu 

Woodstock College - -. 

JflUMcAlMCflf. 

Amberst 

Bsldwinaville 

namHtAlilo 

Boston 

BridgewBter 

BTooklina . 

Byfleld 

Cambridge 



Canton 

Ctieloea 

ClinloD 

Uaoven 

Dnxbury . ... 
Fall River.. . 
FitcbbDTgb.. 
Florida 



iscs-iJ-ee.. 

1«72-1873.. 

1832-1854.. 

1-52. 

lH5e-U:«2.. 

ie5e-ie59.. 



IB73-1W3.. 
1673 

itfsa 

ISM 

1«49 

ie57-lS58.. 

1M9 

lWa-lH73.. 
m'.6-lt:37.. 

1(449 

1H71-1872.. 

lAis-iew.. 

lA->:(-lHu4.. 

i*i5-ie6&.. 

1M9-1»71.. 

I8ri-i«73.. 

1364 

iMja-itsi . . 

1865-187;!.. 
l«7(Wd73., 



184^1873.. 

iwi;t-ie65.. 

lrfa-1853.. 

1857 

1859 

1870 

1854 

1*16-1857., 
1858-1859., 

iiMo-ieei.. 

1808 

1851 

1855-1P58.. 
1858-1860.. 
18tK-18fi6.. 
l(«8-ieGS.. 

1871-187*.. 

18ri7-1858.. 
1861-1864.. 
18(W-1861.. 
1858-1859.. 
1819 



IWl.. 

18(W-1861.. 

1857-ltsei.. 



1H73.. 
1849.. 

1865-18C7.. 
1867-1872.. 
1860-1861 .. 
1868-1873.. 
1866-1873.. 
1B57-1873.. 



Miss H. M. Baer. 
K.U. Kioaell. 
Rev. J. P. Carter. 
Lewis J.Bell. 
Jacob E. Bell. 
Dr. Aleiauder McWillia 
CliarlcH F. Hauabew. 
E. A. VaoDort. 



Prof. J. F. Magaire. 

A. P. Dalryuipte. 

L. R. Coltaa. 

Henry W. Tborp. 

Rev. R. Heber Mnrph;. 

T. G. Stoiig. 

Isaac Bond. 

F. J. Devilbias. 

Prof. Wm, Baer, 

Prof. W. Baer and Misa H. H. Baer 

MiBS H. M. baer. 

Rev. James Stephenson. 

Jaa. T. EUicott. 

WarringtoD GilUnghani. 

Josiah Jones. 

Jamea 0. McCoimick. 

A. X. Valento. 



Prof. E. a Snell. 
Rev. E. DenburaL 

B. R. Glttbrd. 
E. L. Smith. 

E. L. Ada ma. 

F. H. AppletOQ. 
Marabat Coiiaut. 
L. A. Dailiug. 

C. W. Felt aud others. 
Normal School, 

Hev. John B. Perry, 

Martin N.Root. 

W. C. Boud. 

Harvard Colleee Obaervatory. 

Augustus Fendler. 

Rev. John R Perry. 

Mrs. J. B. Perry. 

Mrs. S. H. Perry. 

D. U. Ellis. 
Naval Hospital. 

Dr. George M. Moiae. 
A. W. Mnck. 
James Ritchie. 
Charles C.Terry. 
George Kaymond. 
L. F. Wbitconib. 
Jacob Davis. 
GustavQB A. Hyde. 
Henry M. Nelson. 
8. Augustus Nelson. 
Rev. William G. ScaDdllu. 
Ruv. E. Deuharst. 
Guilford S. Nencumb. 
John Fallon. 
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Lnnunbnrgh.., 

Lyun 

Uendun 

Milton 

Nantucket 

Kew Bedford .. 



Nortb AdBiii8,(Hoo«w: taunel) 

North Attleborougb 

Knrtb Billerica 

Plninfleld 

Princctou .. 

Bundulph 

BichiuoLd 

Roekport 

Roxlmry 

Siilem 

Saodn-lcb 

Somerset 

Soutli Groton 

Soulbwick 

Spriugfield 

Stookbrjdge ■■ 

TauDtoD 

Topsdeld 



fsbridgo 

West Dennis — 

Westlield 

West Newton... 

Weymouth 

Williamstowu . 



1949-1651 

1666-1673 

184»-16i2 

1649 , 

1840-1673 

1667-1873 

1853-1661 

1649-1851 

16:>:t-lS73 

1666-1667, 1671-1872 
1871-1873 
1865-1873, 
lKi3-lK58 

1873 

1871-1873. 
185I-1&J8. 
1806-1873, 

1RJ7 

18*1-1857 . 
I8l!l-18fi2. 
1849-1663, 1SG5-1S72 

1854 

1849 

1873 

18fi3-ief>5 
1872-1673 
IKW.. 



1849-1857 

185;t-1856 

1659 

1849 

1854-]a57 

18(iO-iafi3 

i«i;t-jeii4 

1864-1866 

1866-1873 

1854 

1864 

1854-1866 

)81j7-I871 

1836-1857, 1850. . 

1851-1852 

1854 

1854-1857 



1857-1859.. 



1860-1868 

1868-1872 

1854-1855 

1849-1858 _.. 

1853-1856,1865 

185* 

1*^57-1658 

16G9-1664 

1866-1868 

1668-1869 

1870-1873 



Name of observer. 



Cbarles J. GilKsn. 
Geo. A. CuiiniDKbaiu. 
Jtkcob Bacbolder. 
Henr; Rico. 
Dr. Jobn G. Metcalf. 
Rev. A. K. Tcele. 
IIou. Wm. Milchell. 
Tlioaion Dai ley, 
Saniuul R.uloiaD, 
Edward T. Tucker, 
Guorao S. Hart. 
Jiibi. H. CalilwBll. 
Dr. H. C. Perkins. 
A. 8. au(1 M. C. Jonea. 
Beijj. D. Frost. 
Htiur.v Rice. 
Rev. Elias NoBOD. 

lion. .Inbn Brooks. 

Orrin A. Reynolds. 

William Bacon. 

R. D. Mussoy. 

Benjamin Kent. 

E. S. Cassino. 

Dr. N. Barrows. 

Elisba Slade. 

Airrwl Collin. 

Amosa Hoicomb. 

Lucins C, Allin. 

FrancisA. Brewer. 

Alirabani 8. Peot, 

Albert SclileKel. 

NatbsD W. Browu. 

Jobn H. Caldwell. 

Arthur M. Merriam. 

Sidney A. Merriam. 

Dr. James Robbiua. 

Eu};euo Tappau. 

Rev. Dr. E. Davis. 

John H.Bisby. 

Dr. N. O. Tirrell. 

CM. Freeman, 

Prof. P. A. Cbadbournc. 

D. J. Hulnies. ,laa. Onon, Lavalctte 

WitsuD.and othi-rs. 
J. McGc^e, C. J. Lyons, M. L. Ber- 

ger, undotbers. 
AHtrononticul Observatory, 
ProC Albert UopbiuH. 
B.K.GilI'ord. 
S. F. Haven. 
Dr. E, A. Smitb, T. H. Eice.aud 

Dr, Geo. Cbandlur. 
John a, Snrj^nt mid othera. 
Dr. H. O.Pi-entisa. 
Dr. Joseph DrapHr. 
Dr. AlfrwlE.Wiilker. 
D. T. Mnrrill, M. Bemis, and Daniel 
Lovcjuy. 
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Name of •tation. 



Aaa Arbor .. 

Battle Creok . 

BcDiooift 

Bre«t ... ,, 

Itrooklyu 

BurrOftfc..,. 
Central Mine 

Clifton 

Clinton 

Colli water . . . 

Cupper Falls ■ 

Comnna 

Detroit 



Eagle River . 
Eacit Saginaw 

Mint 

Forestville .. 
KortUratiot . 

Garlick 

Grand Baven 
Gnuid Kapids 



(irtmd Traverse . 

Holland 

Uomeatead 

Hov."ll 

KalaniaziM) 

I^he George. .-- 
Lacwing 

Litcbfield 

I^wer Saginaw. 

Mancbester 

Uarqnette 

Hill Point 

UoDToe 



1665-1873 

1852 

lSi5 

i(?r(t-ie?2 , 

1W49-1BG0 , 

1H71. 

1^70-1873 

lH48-iaTl 

li-5-J-l&->4 

lW9-l&->3 

1M57-1871 

idca-ides .... 

le:.I-lt'J3 

18(JB-IM71 

I(ttJ-l(<58, 1860-lrt62 

lttriG-1657 

1855 

1849 

I84tf-I85e 

1858-1860 

181(0-186:1 

1861-186:i 

1870- 1H73 

1856 

1H64 ;.... 

lSjl4-18a5 

1«W 

l«i»-18G9 

1164 

iwiu-iees 

lW4i» 

184!)-ie51 

1854- le58 

lri:)7-18lX), 1870-1673 

miiMsei 

1864 

18.55-1872 

1854 

1860-1863, IWiS-lWO 
lHil-l»*7, 1869, 1870 

1S>5,I866 

184!>-1852 

1864-1807 

1865-1867 

1868 

185» 

ia-)9 

1858 

16at-lW3 

I86r>-1873 

1849 

1870-1871 

1864 

1857 

lesa-ieei , 

1862.1863 , 



185a, 187a, 1873, 

1854 

1855-1860 

1859-1861 



Kame of obeervei. 



J. W. Pastoa. 

Dr. H. B. Schettflrty. 

L.-WooilruirMid S. Wincbell. 

Mrs. N. H. Wincbell. 

Dr. W. M. Campbell. 

L. E. WtllB. 

Wn. Wilson. 

Dr. Tlios. Wbelpley. 

Dr. M. K. Taylor. 

Charles Betts. 

S. H. Whitilcsey. 

Wm. VauOrdenJr. 

Elmore Waiunriglit. 

N. C. Southwortb. 

Mn. Octavia C. Walker. 

Cbas.S. Whittlesey. 

Heber Crane. 

Wdi.S. Raymond. 

Rev. Geo. Dnffli>lil. 

Dr. Zeua PilrCbor aiid L. S. Horton. 

United States Engiueers. 

Dr. Zena Pitcher. 

F. W. Higgiua. 

Mrs. M. A. Guff. 

Dr. 8. F. Mitcbell. 

Dr. D. Clart. 

Lieut. C. N. Tornball. 

Lieut. C,N. TurubulL 

Dr. Edwin Ellis. 

IleberSnnier. 

Franklin Everett. 

Dr. J. Kol lister. 

Alfred O. Currier. 

L. H. StreuR. , 

Edwin A. Slreug. 

J. B. Parker. 

E. S. Holmi'B. 

H. R. Scbetlerly. 

L. H. StreiiR. 

GeorRu E. Steele. 

J. B.Minick. 

Dr. H. B. Scbettorly. 

Harmon M. Smith. 

Milton Chaae. 

Frank Littk. 

J. H. Foster and Edward Perraolt. 

ClnvelHnil Abbe. 

J.C. Ilolmps. 

Prof. R. C. Kedzie. 

B. Bullartt. 

James G. Bimey. 

David Dowel L 

Dr. F. M. Beasuer. 

Peter White. 

Dr. G. H. Blakerjr. 

Dr. G. H. Blakor, Jr., and F. M. Ba- 

Bev. L. M. S. Smith. 

Thomas Wbelpley. 

Capt. A. D. Perkins. 

MiKS H. I. Wheluley. 

O. W. Howlsby. 

Miss H. I. and Florence Wbelpley. 

Miss F. E. Wbelpley. 
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Name of stotion. 



HoDToe Piers 

Mnskpgon 

NewBuBiUo 

Northport 

OldMiBsion 

Olivet 

OntoDagon 

Ottawa Point 

Otsego 

OBht«ino and elsenbere 

Puiinsylvaala Miue 

PleascDtou 

Poiitiac 

Port Haroii 

Redford Center 

Eoineo 

SnaRatDck ' 

Saint Jikniea 

South Haven 

Sngar lalaod 

TawiisOiry 

Til an iter Bay 

Traverse Citj 

YpaiUuiti 

StiHHeaola. 

Afton .' 

Beaver Bay 

Bouni well's Mi Ite 

Bowles's Creek 

BocbaDan 

Burlington 

Cuss Lake 

Cass Lake Mineion 

Chalik'ld 

Danvillo 

Excelsior 

youd du Lac 

Forest City 

Fort Ripley 

Graud Portage 

Hastings 

Hazelnood 

HunuepiQ County 

Holding's Ford 

Lac qui Parle 

Lake Wionebagoshisb. , 
Laiibam 



185a-1863 

lHUe-1871 

le57-1862 

11*5-1973 

leatt 

is;0-ld73 

ler;3 

1859-1863 

1865-1W3 

l«39-ie6t 

18o9-186-2 

1861,1868-1870, 

1864-18T3 

iy68-inri9 

1B«8,1870 

1864 

1857-1859 

1860,1873 

1861 

law 

iwiilissi!!!!!! 

1854-1856 

1853-1856 

1872 t, 

18B3 

llJ61-lJ'63 

1^59-1863 

187;i-1873 

1K>9 ... 

185i*-1863.,. .. 



1865-1867, 1869-1870 
1871-1872 

1858-iera 

18511-1860 

1860 

18lil-1873 

1872-1873 

1865-1866 

1857-1858 

1858-1860 



1859. 

I8r* 

i8r.!)-ift}i.. 

ititiS 

1873 

1849-1951.. 
1859-1861 . . 
1802-1866.. 

1854 

1867 

1859-1801.. 
1855-1858.. 
1864-1865.. 
1CH9-1873.. 



1860-1861,1803.. 

1852-1853 

1854 

1809 

1857 



Name of observer. 



John Lane. 

H. A. Pattison. 

J. B. Crosby. 

Eev. Geo. N. Smith. 

C. P. Avery. 

Prof. A. F. Kemp. 

Prof. 0. HosfonL 

H. Selby. 

Dr. Edwin EUis. 

Jobn Oliver. 

Matthew Coffin. 

Dr. Uiltou Chase. 

Henry H. Mapes. 

Richard II. Griffith. 

Joseph D. MiUard. 

Jatiies A, Weeks. 

Jaines Allen, jr. 

George A. Stockwell. 

Dr. Cliarks C. Smith. 

Isaac Stone. 

Sotli L. and G. P. Andrews. 

Dr. 8. L. Andrews, 

L. H. Strong. 

Janii!s J. Strong. 

O.C.Lathrop. 

l!nil«d Stales Engineers. 

United S(al«s Ecgineera. 

1. 1. Maiden. 

S. E. Wait. 

Mibs G. Webb. 

C. S. Woodward. 



nr. B. F. Babcock. 

A. L. Roe. 

Tbomas Clark. 

Hi-ury Wielaud. 

Tllomas Clark and C. Wielsnd. 

C. Wielaud. 

Solomon Pendergraet. 

Audrew Stonfier. 

Stephcu Walsh. 

A. A. HibUard. 

AIouzo Bumard. 

Rev. lJ.F.Odell. 

T. F. Thickstuu. 

Thomas A. Kellett. 

U. O. and M. E. Jar|iiith. 

Rev, Joseph W.Holt. 

A. C. Smith. 
Henry L. Smith. 
Rev. S. W. Mauudy. 
Richard Bardou. 

T. F.Thickstnn. 

B. R. Riggs. 
J.B.Cloiigh. 

TLouias M. Young and Mary K. 

O.H.Ko]Vv. 
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Nuue of atfttion. 



Lspbam 

Leech Lake 

Litehfield 

Hodelia 

Hankato 

Mittnenpolia 

Sew Ulm 

Oak Lake 

Pajutai** 

PeDibina.. 

Princeton , 

Bed Lake 

Red Wing 

Bocheater 

Sandy Lake 

Sank Center 

Sibley 

Smithfield 

Siillirst«r 

Suint Anthony 

Siiiut Anthony's Falls 

Saint Clond 

Saint .loseph 

BaiDtPanl 

Tamarack 

Traverse des Sioax . . . 

Wabasbaw 

Waterford 

Whitewater 

Miitiuippi. 

Baldwin 

BrookbhTBD 

ClintDD 

Columbos 

Early Grove 

EnterpriBe 

Fayette . 

Gainesville 

Garlandeville 

Graudville 

GreDada 



Hernando 

HoUy Spriogs 
Jackson 

KiDKSton 

UcLcnd's 



isie , 

1B71 

1970-1878 

lBe9-1870 

IBM 

ieM-1873 

1(JG4-1873 

lf«9-1873 

18.'.9-1862 

1«52 

1856-1860 

1800 

1H53-1854 

1856 

leer 

1672-1873 

1B69 

1858 



1858 .*. 

1872-1873 

18.54 

1861-1808,1869.. 

lW53-lci55 . 

18(i2-1873 

1866-1887 

I«i3-1864 

1849-l&'il 

1857-1858 

1873 

1871-1873 



Kame of otwerver. 



. J. F. McMalleo and D. F. Short 

, Samuel Locke. 

H. McMabon. 

H. L. Wodsworth. 

W. W. Murphy. 

W. Kilgore. 

W, Cheney. 

CharIeK Kooa. 

Dr. D. Pvle. 

Euv. S. K. Higga. 
. Cbarlee Cavilner. 
. O. £. GarrieoQ. 

S. M. Byers. 

Rev. E. W. Carver. 

Rev. Jahez Brooks. 
. Prof. A. M. Stephens. 

Prof. J. W. Beaman. 
. Alfred Milniine. 
. Samuol Spates. 

Smith Bloouilield. 
, C. W. Woodhury. 

C. W. and C E. Woodbiirj-. 

B. C. Livinga. 

A. Van Voorhies. 

Prof, and Mre.N. H. WinchutL 
. C. F. Anderson. 
. O. E. Garrison. 

Bev. D. B. Spencer. 

Bev. A. B. Paltrson. 
, John W. Heirastreel. 

Mary A. Grave. 

Bev. R. Hopkins. 
. Spencer L. Hilller. 

J. S. Nictjols. 
, J. K. P. Wiotere. 



187I-IS72 

18fi7-lS3 

I&(i9-18;0 

18;0-!W1 

1855-lt&9. 1869-1871 
1871-lWii 



1873 

1849 

1858-1855 

1849 

1854 

1859-1860, 1866-18J0 

1870 

1870-1873 

lft-J>,1860 

1H70-1S72 

1849-1859 

1854 

18(i6-18G7 

lHi!^-iW3 

1849 



Dr. S. R. JeDtJiflKS. 
T. J. R. Keenaii. 
Thomas B. Moore. 
R. S. Jackson. 
Jones S. Lull. 
John F. Tnrraut. 
E. W. Beckwith. 
W. M. Ahernetby. 
Bev. E. S. Bnbinson. 
Bev. T. H. ClelniKl. 
Buv. O. C. AnuBtrung. 
Cbarlea A. Folaom. 
Bev. E. a BobiDHon. 
Jamea H. Vincent. 
William Heurv WaildeU. 
Prof. Albert Moore. 
R. S. RiiiKKold. 
.1. S. Psyne. 
William M. Johneton. 
Tb<miaa B. Coleman. 
Tbouiaa Oakley. 
A. B. Green. 
J. (klward Smith. 
Dr.T.W. Florer. 
David Uoore. 
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Same of station. 



Name of observer. 



Monticello 

Kiitcliw 

Oxford 

Pass Christian 

Puiildina...^. 

P]iilA(1elp1>>'^ 

Port GilisoD 

Prairie Line 

Vicksbargfa 

WasBoa ..■■ .— 

WcBtvillD 

Yazoo City 

MUaoKri. 

Alleoton 

Alton 

Aibens 

Atlaiita 

Angujtns 

Betbauv 

Bolivar 

Boooeville ... 

CautuD 

Capo Girardeau 

Casaville 

Cave Spring 

Comlns 

Dry Ridge 

UiiDdee 

Eoston 

EiistPrairia 

Eilinhiirgb 

Edioa 

El Dorado 

F.irt Pierre 

Gallatin 

Greenfield .. ... 

Greenville ... 

Hannibal 

Harrison ville 

Hematite 

IlermiiQU 

Jii'miitace 

HisUHiU 

HornoreviHe 

■lem-Tsou City 

KntiHas City 

Keyteaville 

Kirksvillo 



1S0O-1S61 , 

iH4y-iitei 

use 

lar.S-18Gl. 1864-1866 

ISfiG-lSTO 

lS54-lSoC 

I«fi0 

l«ii>-l86J 

Ib70-l()?l , 

1855-1857 

IH59-1361 , 

lHlO-1853 

IS72 

1873 

IBGO-lSfiO 

lecio-inoi 



lens-iSTi.. 

187:) 

ieC4-18GC.- 

1873 

1859 

1859-1830.. 
1859-1861.. 
180e-lo70.. 
18.-.9-ieiil.. 
1861-1869.. 

1868 

18.'>6-1S58.. 

1S59 

ISo!) 

I8(i0 

1859-1861.. 
1871-187:J., 
1870-1873.. 
1854-18W.. 
1859-lrtliI.. 
18(4-18611.. 

imo 

1866-1867.. 
ia^9-1866.. 

187;! 

1859 

1869 

1854 

1873-1873- 
1859-186a.. 
1859-1860.. 

Whi 

W>5-I&16.. 
1859-1870., 
1808-187! . . 
1859-1860.. 
1867-1869... 

187.1 

18.')9-18fil... 
1868-1873.. 
1870-1873.. 

I8ri9 



J. R. Cribba. 
Georj^ L. C. Davis. 
J. Edward SmiUi, 
R. McCary, 
W. McCory. 
Prof. L. Harper. 
Rcv.J.S.Sbuppard. 
Rev. E. 8. Robinsoti. 
L. A. Bowdon. 
I>rof.J. Boyd Elliott. 
Rev.E.S.KobiDBoa. 
A. L. Hatch. 
Jaiucs S.Fithie. 
Joseph Peake. 
.1. H. CriUbs. 
Col.C.B.Sw«8ey. 



Anc, Feudler. 
. J. B. Hideout. 
. John T. Caldwell. 

Kentuer and Muscott. 
, Conrad Mallinckiodt. 

D.J Heaston. 

W.J.Vankltk. 
, James A. Race. 

Norris Sntherloud. 
, George P. Ray. 

Dr. X M.Parker. 

Rev. James Knoud. 
, Jobn Campbell. 

S.J.Hiiffaker. 

D.J.Kirby. 

U. L. Wyrick. 

T.W.Coltrane. 

Horace Mortiu. 
. 0. n. P. Lear. 
, 8.S.Boilej. 

P. B. Sibley. 
. Adam Miller. 
. Jobn E. Veriraes. 
. J. CAttnetr. 

R. P. Edginffton. 

W. B. Kizer. 

Natbau P. Force. 

Frederick Buhiuer. 

Arthur H. Weslun. 

Dr. S. B. Bowles. 

CD.Dnllon. 

O. H.P. Lear. 
. Dr. Edward Dnffleld. 

Jubu Christian. 

Jnlin M. Smitb. 

Philip VVr.ber. 

Misa Be Ho Moore. 

W.8.Chaplii. 

W. H. Homer. 

Nichulaa De Wyl. 

S. W, 8ulisbiiry. 
. Charit-H V'eatcb. 
, John P. Jones. 

U. H. Mann. 

Dr. Roljert Byers. 
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Nune of atatioD. 



Name of obeervei 



Kirksvilla 

Laborcille 

LADcoBter 

Lexington 

Mount VemoD. 

Oubome City-.. 

Oregon 

Pari* 

Rfaiaeland 

Ricbland 

Richmond 

Ruckpoit 

RoHa 

Springlield 

Saint Joseph... 

Saint Iioala .... 



Stockton 

Stoatland 

Sycamore Springe-. 

Toronto 

Trenton 

TuBcnubia 



Warrensborgh . . 
Warronton 



Waynesville.. 
West port .... 
Wet Glaze.... 
Willard 



Benton City ., 



Camp Cooke 

C;iotoniu«ut Wright -- 

Dver I.odEc City 

Helena City 

lli«acinla 



VirgiuiaCity .. 



185^1861 

Ig}l-lg73 

lWl-1873 , 

lb73 , 

1867-1872 , 

imhimi 

1859-1800 

1873-1873 

1859-lc'60 

18r)5-lKuC 

1867-1873 

1857-1858 

1857-1858 

lPfi<>-1873 

1653-1657, ie59-lB«7 

lHrj(i-1857 

185S 



1861 

1865-1868 

1868-1869 

1870-1873 

1872 

187^-1873 

1H59-1861 

1R73 

1B73 

1859-1860 

1859 

1859 

1866 

1867 

1863-1869 

1870 

1859 

1859-1863 

1859 

1851 



1868-. 
18«9.. 
1867.. 



1869-187.1 

186S-1868 

1870 

1870-1873 



J. H. Myera. 

William Muir. 

JoliH M. Weathorford. 

Joseph A. WilBoa. 

George W, Wilsuu, jr. 

It.P. llaoan. 

W'yatt Harris. 

P. J. Itond. 

Rev. R. B. Foster. 

William Kaucber. 

W.F.Masey. 

ChaTies Vo);e1. 

Spencsr L. Goodwin. 

R. W. Fiuley. 

Dr. C. Q. Cha.idler. 

Homer RugRles. 

J. A. Stephens. 

Edwanl 11. Neely. 

RcT'. Henry Bullard. 

Dr. Geortre Engelinann. 

Dr. A. Witilizeniis. 

Drs. G. Eogelmann and A. Wialixo- 

AuEiistns Fcndler. 
J. H. Luneniann. 
Rev.P.W.Koning. - 
Rer. F. H. Stnntebeck. 
Rev. 1. StraetmaDij. 
A. Averbeck. 
Bertram D. Krlbbin. 
C.J.B.Leib. 
William Wells. 
E. D. Denuy. 

A. T. Hubbard. 
B.D.Doileou. 
Tbomaa J.Conkling. 
William M. Lumpkin. 
Dr. W. Moore. 

Miss Belle Moore. 
Rev. J. E. Pollock. 
H. K. Hall. 
MurioD F. Hamaker. 
KSdryA.Tldswell. 

B. G. LingoD. 
Rev.N.ScarritL 
A. Y. Carlton. 
R.H.M.:Cord. 



Dr. H. M. Lehman. 
S. y. Clevenger. 
Dr. II. M. Lehman. 
T. Koleski. 
Granville Stuart. 
Alexander Cani]i Wheaton. 
J, P. Reinhard. 
J. M. Mlnenlnger. 
Edward KGoddard. 
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Saau) of atatioD. 



Nama of observer. 



Bellevne ....... . 

Blackbird Hilla 

Blair 

BrovQvlUe 

Dakota Cfty 

Decatur 

Deer Creek 

DeSoto 

Elkboni City 

Emerson 

FoDtauolle 

Fort Pierre 

Fort Unioii 

Glendalo 

KeDOsha 

. LiDCola 

Nebraska City 

Newcastle 

Norfolk 

HuTseirffill 

Peni 

Plattsmoutb 

Red Cloud 

BuckBlufls 

Saniee Agt-nw 

Bouth Pass WagoD-road 

Nenada. 

Star City 

New Eatnpikire. 

Antrim 

Claremout 

Concord 



DdIiUh 

Dun barton 
Exeter 

Farmiugtoi 
Franceatuw 

Gorbaai ... 



1857-1867 

1857 

1^66-1873 

1867-1873 

1873 

1858-1860 

1867-1869 

1869 . 

185SI 

1867-1873 

18o8-1864 

1865-1870 

1871-1873 

1859, leesi, 1863. 

1868-1869 

1860-1861 

1854 

1861. 1866-1867. 

1868- 

1865. 
ia59. 

1870 

I85U 

1868-1871 

1869-1871 , 

1870-1878 , 

1873 

1865 

1857-1859 

1859-1860 

1860-1861 

1808-1869 

1867-1869 

1873 

1B72-1873 

1860-1861 

1871-1873 

1859-1860 

1865 

lS66-18Ca 

18G7-l8i->8 

1H59-IB68 

18fM-1867 

itifi7-itfGe 

JtM9-1857 

1857-1858 

1858 

18ii5-1870 

1868 

1849, 1851-1852. 

1868-1873 

1849, 1651-1852. 

1861-1865 

1860-1861 

ISTiT 

1857-1B58 

)H72 



Rev. William Hamilton. 

HeDry M. Bart. 

Miss E. E. Caldwell. 

Rev. Willam Hamilton. 

P. F, Peterson. 

Charles B. Suiitb. 

H, H. Brown. 

Dr. G. C. Casa. 

Muj. Tbooias S. Twiss. 

Charles SeJtz. 

Anna M. J. Bowen. 

John S. Bowen. 

William Dunn. 

John Evans. 

Henry Gibson. 

M. C, Roossean. 

E.T.DouiK. 

Dr. A, L. Child. 

Dr. A. C. Child, Miss J. E. CbUd. 

L. J. Hill. 

Bela White. 

O. A. Goodrich. 

Edgar E- Mason. 

P. Zahner. 

J. M. Pettenger. 

Lewis H. Smith. 

Lewis Sesaiona. 

R. O. Tbumpsuu. 

William N. Byere. 

Johu G, Rain. 

James P. Allan. 

C. B. Wells. 

J. M. McKensie. 

A. J. Clark. 

Eiln-ard Kelloge. 

H. C. Pardee. 

George S. Tmmau, 

C.H. Miller. 



Kev. William Enrlio, 

F. N. Frenraan. 

Arthur Chase. 

Stephen 0. Mead. 

Liu us Stevens. 

Dr. William Prescott. 

H. E. Sawyer. 

E. P. Colbv. 

John T. Wheeler. 

Jitmes C. Kuox. 

Rov. L. W. Leonard. 

Alfred Colby. 

Rov. L. W. Leouitrd, 

Rev. Elian Nasou. 

LouiH Bell. 

Dr. Martin N. Root. 

A. H. BiitUy. 

E. S. Mason. 
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MontHjf mttttrological rtporU prestrxed in the Snithtoniiir. InttitulioH — CoDtJoaed. 



Noinn of Btatlon. 



Great FallB 

IlnDovor 

Isle of Shoals 

t-ooonia sod Lake VillaKe. . . 

Littleton 

Londonderry 

Loudon Ridge 

Manchrater .. 

Uount Wasbiugton 

North Bametead 

North Littleton 

PartBmoatb 

Saint Thomas 

Saliabarj 

Salmon Falls 

Sbelbonme 

Stratford 

South Antrim 

Tamtrorth 

Wentworth . 

WestBulield 

Whitfield 

2fae Jemg. 

AUorafstown 

Atco 

Belleville 

Bloomfield 

Bniliogton 

Camden 

Cole's Landing 

Dover 

Einood 

Freehold 

Greenwich . 



Haddonfield . 

Baddonfield . 
Jersey City. . 

Lambertville 

Long Branch 

llorristoirn . . 



1854-1837. 
1853-1854, 

1849 

1857-1861 

1863-1864, 
1849-1857, 
1862-1865, 
185!i-t857-1859-ie61 

1659 

1870-1871 

1855-1858 , 

lNeO-1869 

1859-1860, 1863-1864' 
1849 

i867-:e68 

1>»71 

1870-1873 

1853-1854, 1856. 

1856-1873 

1H72-1873 

1S)9-1673 

1808-1872 

lefiT, 1869- 

1859 

1656-1^8, 
1869-1873, 



1871-1873 

lWl-i873 

1849 

184^1858, 1862-1863 

1849-ie.'>4 

1855-1858 

18.56 

1863-1968 

1870 

185»-1860 

1864-1866 

1866-1869 

1867-1868 

1H57-1858 

1859-1862 

1856-1861 

1864 

1865-18G7 

1868-1873 

1H49 

1866-1869 

1869 

1870 

1871-1872 

1873 

1849 

1873 

1861-1863 : 

1865 

1849-18G1 

1859 

lfi«5-I8rj 

1865 



Name of observer 



Henry E. Sawyer. 

Prof. IraYoungand A. 8. Tonng. 

TboDias B. Laighton. 

J. W. French, agent L. W. C. and 

W. M. Co. 
Robert C. Whiting. 
Robert C. Mock. 
Dr. Isaac S. French. 
Hon. 8. N. Bell. 
Joseph H. Hall. 
J. H. Hnntington. 
S. F. Hanscom. 
Charles H. Pitman. 
Rufns Smith. 
Dr. C. Chase. 
John Hatch. 
Daniel Bonelli. 
E. D. Conch. 
Georiiti B. Sawyer, 
Fletcher Odell. 
John Collin. 
Branch Brown. 
Rev. William Hurlio. 
Alfred Brewster. 
Peter L. Hoyt. 
Nathaniel Punuort. 
L. D. Kidder. 



H. C. Perry. 

H. A. Oreen. 

Thomas B. Uerrick. 

R, L. Cnoke. 

Prof. Adoliih Frost. 

Di. E. R. Schmidt. 

Prof. A. Frost and Dr. E. R. Schmidt. 

John C. Deacon. 

Isaac C. Martindale, 

William Parry. 

James 8. Lippincott. 

Howard 8h river. 

J. 8. Fritts. 

B. F. 8im|ison and 8. B. Willis. 
O. R. Willis. 

Benjcmlu Sheppard. 
Clarkson Sheppard. 

C. Sheppard and Hiss R. C. Shep- 
pard, 

Mi«s R. C. Sheppard. 
John Clement, jr. 
Samuel Wood. 
John Boadle. 



Tho8.T. Howard, jr., and wife, 

Jacob 8. Gary. 

Geo. H. Larisou. 

Howani A. Stokes, 

Arch'd Alexander. 

Dr.8. C.Thornton. 

Miss E. E. Thornton. 

Thos. J. Beans. 

Job. W. Lippincott. 
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Name of Btalion. 



SIoiiDt Airy 

Mouut Holly 

Ne^rark .. 

Mow BransiTiok 



Newfleld 

NewGarmoDtowD... 

NewtOD 

Onuit|[« 

Paesaic Valley 

PaterDou 

Progress 

SeBdingtoii 

Siceville 

BioUraude 

Seaville 

Ser^eantsville 

Sontli Orange 

TrenloD 

Vioeland 

Woodstown 

Seu; Mexieo. 

Pope's expedition ... 

JTein York. 

Adama Center 

Albany 

Albion 

Angelica 

AnIeDia .... 

Auburn . 

Baldwinsville 

BaDDiiville ... 

Beaver Brook. 

Heliport 

Beverly 

BluckwelVs Island . . 

Breslau 

Brookhaveu 

Brooklyn 



1869-1873 

iaii-i«i!H 

ia4!»-187:t 

l«5i, 1865-1868. 

1854 

l«5a 

18f)0 

1861-1865 

186a-1870 

1867-1870 

1868-1873 

1868-1869 

187^-1873 

1863-1M65 

1866-1871 

1863-1865 

1866-1867,1869-1873 

1873 

18fi0-ie61 

1868-1873 

1850 

18i.9 , 

ie«y-1867 

1868 

18o7-te58 

1870-1873 

18(3-1873 

1867-1873 

1860 

1855-1857...... 

lKi9-lB61 

l"t>5-1866 

1849-1854 

1849-1851 

l&-)4-I858 

1871-1873 

18(»-1873 

1860-1865 

1849-1867 

1870 

185;t-I8ri4 

1^7-1862 

1853-1859 

1855-1857 

1875i-1873 

1808-1873 

1870-1873 

1-72-1873 

1849-1858 

1853-1854, 1860. 

1854 

1834 

1858-1862, 1886-1873 

1860-1863 

1870 

1853-18.';8 

1871-1873 

1873 



Name of observer. 



Jubn Flemitsg. 

Dr. Morgan J. Rhees. 

W. A. Wliitoliead. 

Prof. Geo. H. Cook. 

Eli T. Mack. 

Edwin Allen, 

Edwin Allen and G. W, Tbompson, 

O.W. Thompson. 

Isaac E. Hasbrauck. 

E. D. Coucb. 

Attbnr B. Nnll. 

Dr. Tbos, Ryerson. 

Dr. W. Hauiitton StockwelL 

Win. Brooks. 

Win. Brooks. 

Tbos. J. Beans. 

Johu Fteroing. 

Robins Fleniinfr- * 

Prof. L, Mariier. 

Jerusha R. Palmer. 

C. M. Dodd. 

Geori^ Watson. 

Barker Cole. 

E. C. Cole. 

Jnljn T. Sergeant. 

Dr. W.J. Chandler, 

E|ibraini R. Cook. 

Dr. Johu iDgTaai. 

George Wateon. 



James M. Reade. 



Dr. C. D. Pott«r. 

Dr. H. M. Paine. 

L. F. Munger. 

James H. Ball. 

E.M.Alba. 

C.F.Arnold. 

ThomaB B. Arden. 

John B. Dill. 

John Bowman, 

G. S. France, 

C. S. Woodward, 

H.W.TilUB. 

Thos. B. Ardcn. 

Dr. W.W. Sanger. 

Frank Miller. 

E. A. Soiitb and dnnghteis. 

Isfiai: P. Mail let. 

R. W. JobllSOD. 

A. Hoanier. 

Elia» 0. Salisbury. 

Dr. a B. Hunt. 

W. D. Allen. 

William Ives. 

United States EDgincers, 

Alex. M. Strung. 



E. W. Johnson. 
Leslie A. Lee. 
J.C.Lee. 
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Nune of Btation. 



Carlton 

CozcDoviA 

Cbutotte 

Chatham 

Clinton . 

ClockTille 

Cljdo 

Constableville ... 
CuDHtaotia ...... 

Cooprnilawn 

DaiiAville 

Depanville 

East l-'ntnklin ... 
East Henrietta... 
EdeD 

Fairfield 

Falconer 

FanniDsdate 

Fisb kill Landing. 
Flatbosb 

Foidhani 



FmtAnn 

Fort Edward 

Fort Niagara 

Predonia ... 

Friendship 

Garriiton's 

Geneva 

Qennanlown 

GoDvemeur . 

Glcu'sFalls 

Great Valley 

Havana 

Hector 

Heni[Mtead 

Hermita^ce 

BooMvillu 

HodaoD 

Hongerford College laiititute 
Institation fur Deaf ADnmb 

JacksonTillo 



1S73 

l*if.-18M. 
1865, 1867- 
18.^.9-IB63 
1M49-18J1, 
18.hi-1854, 

18.''>6 

1K)T-1%9, 

1849 

1859-1862 

lHFi2 

1861 

1869-1873 

1859-1861 

1H65-Ia73 

ia.4 

1H.-I9-I868 

1855 

1S'.7-1859 

lo71 

1871-1872 

I853-18.->4 

1809 

1868-1872 

1855-18C6 

1854-1855 

1856-1860 

1860 

1862-1873 

18.56 

1856-1857 

1858 

1859-1662,1864. 

1863-1866 

1857-1B.59 

1869-1871 

1859-1863 

1854-1864 

1866-ieiiT 

1860-1861, 1863-1868 
1855-1857, 1864-1868 

1859 

1859 

1666-1^3 

I869-l»7.1 

IW^-l-^ 

1860-1873 

la'vt 

18.J9-1860 

1872 

ie59-1860 

18(i5-18«7 

1871-1B73 

1873 

leGo-ir^ea 

18.^5-1857 

1849-1854, 1^6-1860, 

18ffii-I873 

1869 

1872-1873 

1849-1868 

l«)9-ia» 

1673 



W.P.Godfrey., 
Prof, Aaron White. 
Prof. Wnj. Soule. 
Andrew MuiliKaa. 
Cornulins Chase. 

C. TbomtoD Chase. 
Prof. O. Root. 

Dr. H.U. Paine. 

J. P. Chapman. 

Matthew JUackJe. , 

L.L, Fain^hild, 

8ereno Clark. 

G. Pumeroy Koese. 

Kvv. Jobn J. Brown. 

Henrj Haas. 

Dr. J. W. Smith. 

A.S.WadBworIh. 

Stephen Landon, 

Anna S.Landon. 

W. A. Browoell. 

G. P.Sftwyer-. , 

LonreuHA. Langdon. 

A. B. Covert. 

John C.Uerritt. 

W. H. Deuoiug. 

Rev, Tlios-H. Strong. 

Rev. K. U. Vanktflcb. 

Rev. W. W. Howard. 

R«v. E. T. Mack. 

John Aubier. 

Claudius Puroot. 

Dr. H.M. Paine. 

Rev. John AtiUiec and Prof. A. T 

P. A. McMore. 
Prof. Siilomon Sias. 
J. De Witt Miller. 
L. Li'fTniau. 
Prof. D.J. Pratt. 
Georgs W. Fries. 
ThoN. B. Ardeo. 
Rev.W. D.Wilson. 
Job Elleston. 
Wm. Tori pk ins. 
Rev. Saulurd W. Roe. 

D. B. Rcudricha. 
Dr. P. 0. WilUaina. 
Cyras H. RnsseU. 
Warreu p. Adams. 
KatlialoKelsey. 
Rev. Saninel Johnson. 
Col. E.C.Frost. 
David Trowbridge. 
Chas. E. Adriance. 

J. W. Johnson. 
A. A. Hibbard. 
Edwin 0. Reed. 
Walter D. Yale. 

G. P. Hocbenberg. 

A. B. Wotkios i(ud B. S, BoinaKo. 

Prof. Or^uW. Morris. 

J. D. Ingtrsull. 

F. D. Carman. 
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Hame of statiou. 


Period. 


Name of obaerver. 










lWl-1873 


8. H. Albro. 










ISTS 












L.K. Manger. 












Lima . - 






























lesa-iSfTO 


































186a 


C. P. Marphy. 
E. A. DiiytOD. 






1849-1859 


























D. S. BusaiDg aud J. W. Bowing. 
J. W. BuMiug. 




Iee8-1872 






WiUiaoj Day. 




leG4-lS67 




















ia49 












S. De Witt Bloodgtwd. 
















Cbatles C. Wakoly. 
Naval Hoapital. 
E. B. Cook. 








1«63-1866 












Prof. Charles A. Joy. - 














lew, 1870-1873 


GoorRe M. Hunt. 
























1857-1873 






C. de la Vemy. 




1<M9-1SB,1964-18C3 




Dr. Stillmau Spooner. 
C. Strong. 
J. H. Hart. 
Capt.W. a Malcolm. 
Prof. Weston Fliut. 
J.W.CIiickeriDg. 








lA-.l-lAM 
















1868 


W.aGilaiau.jr. 



oogic 
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Naow of atat Jou. 



ia64-i8te 

1854 

Ite4-1»57-1859. 

1664 

1851-1852 

ViS&-imO 

1950-1857 

1855-1857 

1857-1858 

1856 

1872 

1849 

1H70 

1849 

1855-1867 

1859-18C7 

lees-iaro 

187I-I873 

I868-IS70 

ISTi , 

)S73 

1849 

185l-lKi2 

1859-1863 

1849-lf»e 

1856-1859 

1863-1866 

1859-1860 

1664 

1S58-I859 

1849 :. 

1849-1852 

1853-1854 

1961-1864 

1867 

1865 

I849-I85a 

1860-1867 

1668-1870 

ie4»-lt^, 1«>4- 

1849-I85I 

184»-185I 

1H63-1H73 

1863-1873 

1855-1857 

1858 

1861 

1849 

1851 

1967-1868 

1863 

1851-ia->2 

1961-1868 

1864-1866 

1865-1874 

1949-1872 

1853-1854 

1856-1857 

1860-1861 

liS6. 1857, 1868- 
1860-1868 



Name of obseiTW. 



Stephen Hyde. 

Cbnrlefl A. Lee. 

Dr. H. P. Sftrtwell. 

David Tron bridge. 

Thomas B. Ardeu. 

Godfrey ZimmermAD. 

J. H. NortoD . 

Joseph W.Taylor. 

S.UarshaUIii([alla. 

Johu F. KondalL 

Hod. J. Welch. 

Prof. C.B. Waring. 

Min finolloir. 

Prof. WetbereU. 

Prof. C. Dewey. 

Prof. M. M. Matthews. 

H. Wells Mathews. 

Dr. G. P. Hachenberg. 

W. M. h. Fiek. 

8. P. I'robaaco. 

B«v. Samuel Johnson. 

U. 8. Naval Station. 

Mandrio Linus. 

H. Mutcalf. 

E. N. Byram. 

Walter H. Kiker. 

R.G. Williams. 

James W. Grush, Jatues If. Alexr 

ander, and L. S. Packard. 
Bobert M. Puller and Harcn T. 

Swart. 
Alexis A. JuUeu and H. A. Schaii- 

ber. 
Elieba Foote. 
John P. Faircbild. 
Cbarles A.Avery. 
Philo Cowiuff, 
Henry B. Felions. 
Bev. James R. HaswelL 
C. F. Man rice. 
W. M. Btauchamp. 
Q.W.Potter. 
J. Everett Breed. 
Dr. F. B. Hough. 
L. A. Beardsley. 
G. M. Ingalabu. 
Capt. Storrs Barrows. 
A. W. Morehoose. 
IrviDg Magee. 
Levi 8. Packard. 
J. W. Earle. 
Moses Lane. 
Speacer L. Hillier. 
James H. Warren. 
Uen^ L. Dtusniore. 
8. 0. Oreitory. 
Francis M. Bogers. 
Hiss Elizabeth Morris. 
John W. Heimstreet. 
Prof. E, A, H.Allen. 
Prof. Dasoom Greene. 
William L. Haskin. 
Dr. L. TonrtellDt. 
E.B.BartlBtt. 
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Name of station. 



Virgil 

Wales 

Wanipsville 

WarrenBbargh 

Warsaw 

Waterljargh 

Wftterford 

Wat«rIowu 

Waterrille 

Wellsville 

West Coucord 

West Day 

Westrnrnia 

West Murrisiinia ■ ■ 

White I'lBins 

Wilson 



North Carolina. 



Albemarle.. 
Anantlale. .. 
Aabeville. .. 



Attaway Hill.. 

Bakersville 

Beaufort 

CbapelHiU.... 



Charlotte 

Davidson College .. 
Edeoton 



Fayetteville 

Forest Hill 

Franklin 

Gasbm 

Ooldsboroiigli 

Green Plains 

Greeosboraugb 

Gnilford Uiue 

Jackson 

Keuansvillo 

Lake Scupperuong .. 



Lenoir 

Lincolnton 

Marlborough 

Monnt Airy 

M n rfreesboroDgb . . 

Mnrphy 

New GanleD 

Oxford ... 



Raleigb .. 



Bntberfordton . . 

8tatesville 

Tarborougb 



18?3 

1854 

1853-1863 

1871 

1865 

1868-1873 

ltSS-ie63 

1655-1857 

1849-1851 

1K7,1K3,18C0. 

1856,1857 

lSi8-lB59,ie71- 

1856-1857 

1857-1859 

1862-1873 

1858-1864 



1870-1872 

1857-1858 

1867-1873 

1868-1873 

184"J-1862, 1867-1873 

1871 

1672 

1849-1861 

ie69-i«ro 

1871-1873 

1&T8-1859 

1S71 

1B72 

1973 ..... 

1871 

1871-1872 

1872-1873 

1872,1873 

1859-1861 

1860-1861, 1872. 

1^9.. 

1871-1873 

1867-1869 

1852-1R54 

1868-1870 

1S49-1852 

1851 

1871-1873 

1654 

1858 , 

1872 

18.56-1861 

1872-1873 

1872-1873 

1866-18C7 

1867-1873 

1859, 
1860. 
1866- 
1869. 
1849. 
1866- 
1871 
1871-1873. 



Name of obsarrer. 

J. E. Winslow. 
S. O. Carpenter, 
Dr.Stillman Spooner. 
Bandulpb MoNatt. 
J. P. Morae. 
David Ton bridge. 
John C. House. 
Dt. p. 0. Williams. 
James M. Tower. 
H. M. Sheerer. 
Lewis Woodward. 
Jnde M.Young. 
J. 8. Gorton. 
I. Zaepfiel. 
O. E. Willis. 
E. S. Holmes. 



8. J. Pemberton. 

W.H.Mnrdooh. 

W. W. MoDoweU. 

£. J. Aston. 

Dr.J.F.E.Hardy. 

F.J.Kron. 

J. H. Oreeue. 

Jauies Rumley. 

Prof. James Phillips. 

David S. Patrick. 

George B. Hanna. 

Prof. W. C. Kerr. 

A. A. Benton. 

Hicbard N. Hines. 

Margaret A. Hinea. 

John M. Sberwoodl 

0. W. Lawrence. 

Mrs. D. D. Davie. 

Albert Siler, 

Dr. George F. Moore. 

Prof. E. W. Adanw. 

Saninel W. Westbrook. 

S. S. Howard. 

Alexander Wn 

Rev. Frederick 

Prof.N.B. Webster. 

Rev. J. A. Sheppud. 

D. Morrell. 

Dr. L. Beall. 

Dr. J. Bryant Smith. 

Hubert H. Drysdale. 

Robert 8. Gilmour. 

Rev. A. McDowell. 

William BeaL 

A. E. Kitchen. 

John H. Mills. 

Dr. William B. Hicks. 

T. Carter and W. H. Hamilton. 

W. H. Hamillon. 

Rev. Fink P. Brewer. 

Miss M.H. Taylor. 

J. W. Calloway. 

Thomas A. Allison. 

Thomas Norfleet. 

Robert H. AnitiJa. 



Google 
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Nain« of obaerver. 



1854 

1854 

1860-1861. 

1869 

1857-1858. 

1870 

IS72-1873. 

1871 

1873-1873. 
1867 



1860-1861.. 
1849-1851.. 
ie6a-1863.. 
1864 



1857-1859 , 

1854,1860-1861 

1H55-1860 

1870-1873 

18.S4 

1871-1878 , 

1873 

1859-1873 , 

1857-1863 

1866-1873 

1859-1861 

1863 

1871-4873 

1870-1873 

1864-1866 

1873 

1855-1657 

1849 

1854,1857-1858 

18Ki-1873....; 

1859-1663 

1859-1H64 



1865-1873 __. 

1871-1873 

1851,1855-1861,1868 

1853 

1858-1663 



1862-1873 



1653-1857 , 

1858-1865 

1859-1873 

1865-1867 

1856-1857 

1858 

I'lei-ise? 

1851-IK52 

1660 

1861 



Bev. F. FitzfceTald. ■ 
Daniel Morelle. 
Bev. B. Croveu. 
E. D. Pearsall. 
Dr. W. M.JobntOD. 
Henry A. Foote. 
T. A. Clarke. 
John A. Hfkrrell. 
Bev. Ditniel aloreUe. 
E.W.Ad«na. 



CA-StUIwell. 

E. W. Brawley. 
Dr. W. Spratt. 
Prof. W. W. Hatber. 

J. G. Dole and C. a 3. Qrtfflng. 

David S. Alvoid. 

J. G. Dole. 

E.D.WiucheBter. 

R«v. L. F. Ward. 

Bev. R. Shields and J. C. Sinitb. 

Bev. Robert Sbiolds. 

Josepb Sbaw. 

W. Barrin)^r. 

Prof. G.M. Barber. 

I.McK. Fettenger. 

J. S. Patterson. 

Georae W. Crane. 

Dr.W.B.pBck. 

Jobu Clarke. 

Rev. S. L. Hillier. 

Hobert A. Schanbei. 

Mrs. H.M. Marsh. 

Dr. R. Mmier. 

Hubert A. Scbanber. 

John D. Wright. 

Ebenezer Hannaford. 

John Lea. 

F. W. Hnrtt. 
George W. Harper. 
A. A. Warder. 
B.C.andJ.R.Pbillips. 
Kli T. Lappan. 

R.C. PhiUipB. 
J. H. Shields. 
UnstavDB A. Hayde. 
Edirard Wade. 
Edward Colbnm. 
U. S. Engineers. 

G. A. Hyde and Mra. Hyde, 
Dr. T. A. Smnrr. 
G.S.OrinBby. 
Frof.B.S.BoBwortb. 

pTOf.J.H.WilBOD. 

J. W. Hammitt. 

L. B.Tnckennan. 

Henry B«DDett. 

Sarab E. Beouett. 

Thomas H. Joboson. 

Theodore G. Wormley. 

Mark Speny. 

BoT.E.ThompMDuidMarUBpetrj' 



K^R 
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Nam« of Btation. 



Name of obMirer. 



Croton ,*... 

CDjaboga Falls. 
DaUaeburgh 

East Cleveland . 
East Fairfield... 
East Bookport.. 

Edperton 

Edinburgh 

Farmer 

Frankliit 

Freedom 

Gallipolis 

Gambier, Eeuyoi 

Garretteville... 
Gerinantown ... 

Gilmore 

Granville 

Groveport 

Hannar 

Hillsborougb ... 

Hockingport ... 

Homer 

Hudson 



JooksoD 

Jackson 

Jocksoubatgh 
Jefferson 

Kenton 

KeUy's Island 

Kingston 

Lafayette 

lADCBBter 



isr)4-l«jli.. 
1859-1863.. 

1856 

If56 

1858 

1S73 

1861-1862.. 
I«ii)-1867.. 

18M 

1863-18«>.. 
1869-1870.. 
1857-1858.. 
I871-1S72.. 
1855-1857.. 
1859-1860.. 
1861 



1862 

1954-1656 

1857-1858, 1864-1673 

1871 

1869-1871 

ieei-1863 

185^-1856 

18r*-lB57 

1869-1870 

1849 

1849-1858 

1872-1873 

1860-1881 

1851--1860, 1863-1873 

1857 

1863 

1855 

1856 , 

1856-1660 



1853 

1B58-1S59.. 

laWKlHUl.. 



1871-1873 

I(ff2-1873 , 

1854 

1859 

1849-1854 

1855 

1855..., , 

1857-1858 

1868-1873 

185.'i-1858 

1849-1852..., 

iy53-]854 

1863-1863,1866-1873 

1859-1870 

1871.'.,..v..... 



Rflv. EliBB Thompscm. 
D.M.Bankin. 
F.G.Hill. 

Cooper Pemale Semintirj. 
Dr. JameB C FiEcher. 
Lewis Gronetveg. 
Chailea Beeve. 
Mra.M.A.Pilleburjr. 
8. B. McMillan. 
Dr. J. B. Kirtland. 
Thouias J. t/arah. 
8, B. Knight. 
Smith 8anford, 
Dr. 8. U. Irwin. 
Dr. W. L. Sohenck. 
H. M. Davidson. 

H. U. Davidson and Wilson David- 
Wilson Davidson. 
G. W. Liveeay. 
A. P. Bogera. 

C. D. Li^ggett and C. A. StiUwelL 

F. K. Dnnn and othera. 
Warren Pierce. 

L. Oroueweg. 
J. 8. Binkerd. 
Samnel M. Moon. 
Prof. P. Carter. 
Dr. S.N. 8snford. 
Angnst Bareis. 
W.G. Fuller. 
Bev. J. McD. Mathews, 
C.C. Janes. 
Dr. C. C. Samms. 
8. L. Hillier and S. H. Lnthec. 
Spencer L. Hillier. 
S. M. Luther. 
Dr. John Khnades. 
Thomas F. Withrow. 
Prof. C. A. Young and E. W. Childs. 
Prof. C. A. Yoang and A. C. Bar- 
Prof. C. A. Young. E, W. Stnart, J. 

C.Elliott, W. Pettengilt, and H. 

B. Watterson. 
Prof. C. A. Young and J. C. Elliott. 
Charles J, Suiitb. 
H. L. Koennn and P. W, Taylor. 
Edmund W. West 
S. T.Boyd. 
George L. Crookham. 

G. L. Crookbam and M. Gilmore. 
8. B. Wood. 

M. Gilmore. 
Dr. J. B. Owsley. 
James D. Hemck. 
Dr.E.C.Bidwell. 

Dr. c!h. Smith. 
Oeorgo C. Hnntingdon. 

D. K. Hnntington. 
Prof. John Haywood. 
Samnel Knoble. 
Lewis M. Dayton. 
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NuDA of slatioii. 



lAocuter 

Lebanon 

little Backing;.... 
Little Hoontoia .. 
MadisoD *■.*..*■•*. 

Hansfielil.. 

Marietta , 

Mart in'B Fenj . . . . 

HiddlebDiT - 

Miluersville 

Uooroe County... 
Hoant AabDm 

HoDDt Gilead 

Mount Pleaaaot. ., 

Hoant Tabor 

Moant Union 

Moont Teraou 

MoQDt Victoiy 

Nev Concord 

New Lisbon 

New Weetfield.... 
North Bum Island. 

North Bend 

North Fairfield ... 

Nortbwood 

Norton 

Oberlln 



Oxford, Miami UDiversity. 

Pennsville...- 

PeirfsbiuKb 

Portsmontb 

Qoaker Eidge 

Repablio 

Bicbmoud 

RnsaeUSUtioQ 

Sago 

SiJeio 

Sknduaky........ 

SaTaooan 



1859 , 

imi 

IWO 

1663-180.1 

1867-1873 , 

1857-1860 

It69-1863 , 

1861-1852 , 

1860-1863 

1849-ia'>5 

1865-1873 

1859 

1867 

1969-1872 

1857-1858 

Irt58-186.1 , 

1849 

18fl!i-1873 

1859 

1««-1873 

IWl.. 

1859-1860 

r849 

1867-1860 

ie5»-l«i5 

1850-1860 

ie54-lH55 

1859-1863 

1849 

1857-1870 

1862,1863 , 

1860-1973 

1868-1869 

1867-1873 

1K8 

1849.. , 

1854 

1861-1868 

1849-1850 

1851-1852,1857 

1855-1856 

1860 

l«7(He73 

1867 

I86ft-1873 

1871 

1854-1856,1^8. 

1857 

1855-1858 

1859-1863 

1863-1865 

1870-1872 

1851 

1854-1&15 

1857-1861 

1864-1867 

1867-1870 

1859-1860 

1871 

1670-1873 

1859-1873 

1854-1863 



Name of obaerrer. 



H. W. Jaeger. 

W. E. DaviB. 

J.W.Towaon. 

Joseph C. Hatfield. ' 

Jamas Froser. 

E.J.FerriBa. 

Rev.L. 8. Atkins. 

Mrs. Ardelia C. King. 

F. A. Benton. 

D. P. Adams. 

Prof. J. W, Andrews. 

H.A.Tnie. 

T.Chase. 

Chnrlea R. Shreve. 

C. B. and Martha B. Shreve. 

Rev. L. F. Ward. 

William P. Clarke. 

Michael Beecher. 

Bev. D.TbompHon. 

Enoch D. Johnson. 

Senior Class Mount Aabnm Female 

Institnte. 
James McCone. 
David H. Tweedy. 
William Lapbam. 
Newton Authonf. 
F. A. Benton. 
W. C. Hampton. 
Lewis M. Dayton. 
Israel Dille. 
Prof. 8. O. Irvine. 
J. F. Benner. 
A. E. Jerome. 
Dr. Oeorge B. Mort«a. 
R. B. Warder. 
O. Barras. 

Prof. J. R. W. Sloane. 
W.D.Wotkins. 
0. A. Hyde. 
Bev.Allred Newton. 
Professors Faircbild and Dascomb. 
Prof. J. N.Allen. 
Prof.J. H.Fftirchild. 
Frederick Allen. 
h. Herri ck. 
O.N.Stoddard. 
B.W. McFarland. 
J. P. King. 
F. Uollenlieck. 
F.andD.K.HoUenbeck. 
James H. Poe. 
Dr. D.B. Cotton. 
Lnd, Engelbrecbt. 
T. J. Bingman. 
Stephen S. Doisey. 
Jacob N. Desellern. 
J. Ammen. 
Dr. G. Bamback. 
Mrs. M. M. Marsh. 
J. W. Gamble. 
William Ballantine. 
Rev. J. E. Pollock. 
Thomas Niell. 
Dr. John iDgram. 
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Nsme of statioa. 



Savftnnab 

Saybrook 

Seville 

Sbaronville, .. 

Sidney 

Smithfield.... 
Smithville 

Stenbenville.. 

SpiiDg&eld ... 



Troy 

Ttrioebargb .. 
Uaioaville ... 



Urbaoa 

West Bedford. . 

WelcUaelU 

Wellington .... 
Westerville.,.. 



Weatern Star . , 
WestEIktou .. 

West Uuiou 

Wooater 



Williameport 

Windham 

Yankeotown 

Yellow Sprints . , 



Albany.. 

Astoria.. 
Anbam . 



Corrallia 

Eola 

Fort Snyder 

Fort Thompson .. 



Hood River... 
Oregon City ,, 
ForlUud .... 



lt?71-1873 

187i^l(ff3 

lBfti-1863 

lWa-1866 , 

lHGl-lH(i2 

lim-imo 

1H57 , 

1866 

1«!4-1B66 

1H63-1870 

184!>-186:i 

lai&-1871 

1^39-1661 

ISTO 

1W3 

1H59 

1B53 -. 

IHfM-lfffO 

lf?59-ltS63 

IWIO,.., , 

ifr>4-ia57 

Ihiri 



M5-i?^a. 

18r>C-lr*.">7 
lW>7-lcC6. 

1863 

I«:>ri.l86^, 1868-187:) 

l(ifia-18li7. 

1861.. 



1872 

lrt»-1861 

1849- 

1864-1873 

l«r-1872 

Iri57-l(iai 

it-r.4 



IrHia 

l'^54 

1H56 

I*n9 

ltir.3-lS>r 



ieffii-iP6^.. 

1870-1B73.. 
ie«3-1865.. 
186<-1865.- 

1^66-1868.. 
1870-1873.. 

1KV8 

18.-,7-l858.. 

1872 

1H72-1873.. 
1851-1852.. 
1871-1873.. 
1858-1859.. 

1870 

1871 

1861.. 



1863-1865.. 



Name of observer. 



Dr.W.aShaw. 
Peter Bowman. 
Rev, L. S. Atkins. 
James B, Frnser. 
Key. L. F.Ward. 
William F. Bowon. 
Joseph Shaw. 



Ruswell Marsh. 
J. B. Uoyle. 
Samuel C. Froy. 
Dr. G. P, Hacbonberg. 
C. Homung. 
Knrab E. Bennett. 
E. B. RaHensperger. 
Dr.J. B.Trembley. 
Charles L.. McClnng. 
N. A. Chapman. 
Miss A.CanDiDcham. 
Mrs. Ardelia C. King. 
Prof. M.O. Williams. 
H. D. MbCarty. 
B. V. Abell. 
Rev. L.F. Ward. 
Pruf. John Haywood. 
Prof. H.A.TboiupMD. 
A. S. Stnvor. 
JesBe Stnbbs. 
Rev. Wm. Lumsden. 
Eugene Pardee. 
Marti u Winger. 
John R.WilbiDBon. 
SamnelW. Treat 

W. A. Antbony. 
John F. Lakme. 
L. M. DajtoD. 
Adam Pet«rs. 
Dr.J.O.F.Holston. 

S.M.W.Hindmao. 
Louis Wilson. 
R. B. Ironside. 
S.M.W.Hindman. 
A. D. Barnard. 
TLoinas Pearce. 
James A.Snyder. 
W.H. Wagner. 
Cbas. C. Coe. 
Tlioicas M. Whitcorab. 
Geo. A. Atkinson. 
HeDryA.OTer. 
Guo. H. Stebbina. 
J. W. GillUand. 
James 8. Heed. 
Thos. H. Crawford. 
P. L. Willis. 



lb, Google 
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Period. 


Naue of observer. 


1659-1860 


W, H. Boyera. 
Thomas H.Saverj-. 






Bev. W. £- Honey man. 
A. W. Cartis. 


1870-1873 




Eev. R. T. Taylor. 








185S-ltB9 


J. I. Borrell. 


1659-1860 

I85Cie«l 1863-l«6ii 


T. E. Cook aod Sods. 
John EgRert. 








Prof. A. M. Mayer. 
W. R. Boyere. 






1854 


D. S.Deeriiig. 


lK2.1854,l«ir-1858 


John Cornly. 










1849 

ISfM-lHii. 1863-1873 
l*iO 


F. L. Stewart. 
Rev. Win. Smith. 
CbaritB Davis. 
Lyceum Jf ffersoa College. 








1«J8-1873 

J8C2 


W. H. Cook. 
E.L.McNett. 




Wni. Ht^yser, jr. 
Joseph Eilwarda. 
JoHcph Edwards and John H. 

Siuodley. 
Barnet McElroy. 
Johu Taylor. 












1865-1873 

1849 


Theodore Day. 
A. E. McCoy. 


ia>i 


E. L. Dodder. 




Seidell J. CofflD aod G. S. HuoKh- 

Geo. S. HoagbtOQ. 
James E. Tracy. 














W. H. Spera. 










Joseph Bell. 








1B54 


A. U. Wier. 




8. C. WalkelT 


1868-1872 






1859-1801,1865-1873 


Thomas Meehaii. 



Google 
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Name of atetlon. 


Period. 


Name of obaerver. 


















Eev. M. Jacobs and D- Eyster. 






















J. M. L. Stamp. 
G. B. Slottery. 




IH73 












Dr. J. HeiselT. 








1660-1861 


K. A. MftrtiD. 
Dr. W. H. Egle. 




















1853 

1B52 










MiM AoDa Spencer. 


























1863-1871,1873 












P.A. Mubleubiirg,Jr. 
JoUn Wise. 










Prof. Kudolph MUller. 
W. R. Boyers. 








ltS5-1860, 18Ki-1873 










Joseptk Edwards. 
John H. Smedley. 














t'on-dou Marks. 








ie54-ie&8 


T. H. Thickstnn. 




lest 


































18G0-1973 


Dr.JacobRHoffer. 




lB67-lB6a 

1851...., 


F. L. Stewart. 

E. T. Klnge. 

E. T. Klnge and E. Knmmor. 










1859-1860 


J. C. Harvey. 




1862 

18C:t-1866 


L. E. Bicksecker. 






























Dt. Henry Duffleld. 








1859-1863,1865 

1849 


Peuelon Darliugtou. 
United States uavv-jard. 


Philulelphift 



oogic 
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Kune of station. 



Pljmontfa Meeting .. 
Pottartlle' "".'."!!" 



Bington 

SBlem 

Scranton 

SewicklTTillo . 



Stevensvjlle . . 
Saint Mary's . 
SngarOrove.. 



Troy Hin 

Unioatown 

VallevFoive 

WarnortMarlt.. 
WajuestiorouKb - 
WeiUborongb .... 
Weatoheeter 



1849-1853 

1849-1S&8 

1853- !»», 1863-1873 

1857-1873 

18(»-186l 

1963 

1964 

1864-1865 



1869 

I849-I851 

I849-I8&4 

185^-1858 

1957 

1956 

1858 



185^1861 

1863 

1870-1871 

1873-1873 

1868-1873 

lf!53-18J8. 1866-1873 

1854-1855 

18K.. ■- 

lSi7 

1858 

1851-1853, 1854-1856 
1857-1863, 1860-1873 

1858 

1872 

1869-1873 

1858 

1859-1860 

19C1 



Name of observM. 



1956 

1857-1861.. 
1866-1667.. 



1852 

1863 

1856-1860.. 
1871-1^73.. 
J863-1873,. 
18KI 

iter>-i856.. 

1849 

1849 

1854 

1853-1854.. 

1849 

1858-1859.. 
1864-1865.. 
1868-1873.. 
1872 



TJent. Josepli Bsed. 

Dr. Panl Swift. 

J. V. Cooriies. 

Prof. J. A. Kirkpatrick. 

UQit««l Stat«a ^Bvat HoapitaL 

Dr. J. C. Uartiudale. 

P. Friel. 

Homer Eacbera. 

PeutUTlvaDia Hontltal, 

J. M. Ellis. 

Isaao Z. CaiTmao. 

Edward I'eDdericb. 

I>r.H.Sniv8er. 

W.W.WilBon. 

William Martin. 

Joliii HastiDga and William Martin. 

William Martin nud Dr. Alexander 

M. Speer. 
Dr. AlezBiider M. Speer. 
Prof. Budolph Mliller. 
Charles Albree. 
George Albree. 
Marcus H. Corson. 
Fenelon Darlington. 
John Hngbes. 
Dr. A. Hcger. 
Kev. B. R. Smyaer. 
D, Wtubbnm. 
Orrin T. Hobbs. 
Job II Hevl Kaser. 
Dr. J. B. Peale and Cbarles Habn. 
N. 8. Haines. 
James D. Stacker. 
Dr.A.P.Meybert. 
JohnLTravelli. 
J. I. Travelli and G. H. Tracy. 
CieorDe U. Tracy, 
P.Priel. 
H. G. Bmckart. 
Hev. David J. Eyler. 

D. F. Chorpenning. 
George Moiiry. 

J. Rnisell Dnttoo. 
William A. Stokes. 
Lorin Blodget. 
W.O.Blodget. 
M. Abbott. 
Tbomaa Seabrook. 
H. H. Atnater. 
John B. Balrd. 
8. CummiDga. 

E, T. Bentley. 
8.J.CoaiD,W.H. Dean, and LH. 

Kiiigabnry. 
Victor Scriba. 

lan Lewis. 
C. P. Jones. 

Bev. D. J. Eyler. 

Heuty W. Thorp. 

Samael Alaop. 

Prof. A. G. Clark and T. H. Aldricb 

Dr. George Martin. 

W. A. Jefferis. 



lb, Google 
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Monthly titeUoroloffieal report* pretgned in the Snithtcntan iiufiluliim— CDUtinned. 



Name of Btatioa. 



West 8t Exp. Farm. . 

Whiteb all Station 

Williamspoct 



Bhode Island. 



NortbScitaat«.. 

Portamontb 

FroTidence 



AudoTson 

Borrattsville . 

Beaufort 

Black Oak 

BlnfftoQ 

Camden. 



Ediato lelaud 

Fort mil 

Georgetown 

Gowdejsvlllo 

Grahamvillu 

Haciunda Salnda.. 
HiltoDHead 



Pomaria 

Saint John's, 



1S72 

ISG^t-lUOO, l&Gti-lHG8 
18G4, IdtS'iari 
1873 , 



1^5-1856.. 
I»54 

lees-iero- 

1H70-1B73., 
ie53-ll54-. 

1854 

1*19-1867.. 

1860-18(14.. 



Name of obaervet. 



A. J. Hamilton. 
Edward Kohler. 
H. C. Moyer. 
Josiah Emeiy. 
Samuel Scott. 
Dr. J. H. MarsdeD. 
Dr. A. C. BlodgeU 



E. G. Ainold. 
Samuel Powol. 
W. H. CrandaU. 
W. A, Barber. 
Henry C. Sheldon. 
George Mancbeatel. 



1854-lfi5G 

1857-letil, 1HG7-1B73 

l!-7ii-1^7a 

1^08-1870 

1849-1851 

ie63-18G5 

1658-1861 

1870 , 

1851-18.-J4 

18«9-1873 

1849-1851, 1854-lifi7 

18&1 

18.^5-1857 

1857 

1858-1861 



1859.. 



1869-1870.. 
1839-1801.. 
18«e-l873.. 

1872 

1871-1873.. 
1^64 



1873 

1878 

1849-18.->2.. 

IMS-IBGO.- 
1854-1858.. 
1866-1867., 



H. W. Rnvenel. 
Kev. J. H.Coraiah. 
Dr. W. H. Geddinga. 

E. S. Earlo. 

Dr. John P. Barratt. 

Dr.M.M. Hareh and Mrs. Mareb. 

Thomas P. Ravouel. 

8. Saint J. Gnerard. 

T. Carpenter. 

Colin Maorae. 

Dr. J. A. Younc. 

Prof. L. R. Gibbes. 

Dr. Jos. Johnson. 

Dr. J. Ii. Dawson. 

Dr. Jos. Johnson, J. L. Dawson, and 

G. S. Pelzcr. 
Col. W. Wallace. 

F. H. Harlcston. 
Prof. J. B. White. 
Capt. C. C. Tew. 
Dr. E. H. Barton. 
Superintendent Arsenal Academy. 
E. N. fnller. 

E. A. Springs, Jr. 

Rov. Ali'Xauder Gtouuio. 

Cbarles Petty. 

E. U. PcarBall. 

Lardner Gibbon. 

M;y. J. W. Abert, Cant. C. E. Snter. 

Mi^. C. E. Sut«r. 

Dr. E. N. Fuller. 

Thomas A. Elliott. 

Joseph T. Zealy. 

J. \V. Folk. 

D. BeDJamiD Busbv. 

H. W. Bavenel. 

Thomas P. Ravunel, 

Kev. Alexander Glonuie. 

Chades Petty. 
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MoKtUf vteteorohgieal reportt praervtd in the SmUhtmian JMlifMltDS— Contioned. 



Name of station. 



Betbel Springs 

Costal i an Springs. 

Cbsttaoooga 

Clarkaville 

Clearmont 

Cleveland 

DiioD Springs 

Eliiabetb'ton 

Fayett«ville 

Franklin 

Friendship , 

Greenoville 

Jackson , . . 

Knoxviile 



La Grange 

Lebanon 

Lookout Mountain . 

McUinnviUe 

Hemphis 



MetnphiH... 
Na«bTil1e.. 



Pomona 

Rotbernrood 

Smithville 

Trenton 

Uoiveisity Place, Franklin 

Connty ,,, 

Walnat Grove 

Wincbester- 

TexM. 



Bastrop .... 

Bellona 

Bine Branch 
Bluff 



187»-ie73. 
187a-lBT3. 
137-2-1873. 

le64 

IBal-lCTS. 
I[f70-ie73- 

lera. 

1853 

1949 

1858-1873 
1849-18&1. 

1867 

1854-1855. 
1S66-1873. 

1872 

lft-.l-lS52. 
1833 

law 

1855-1856. 

1860 

l«6l»-1872. 
1859-1860. 
1870-1873. 
1851-1854. 

1854 

1806-1867. 
1867-1872. 

1873 

1841»-ie53. 
1851-1852. 
ia'>7-185a. 

1857 

1859 

1660-1861. 
1867-1870. 

1849 

1849 

1854 

1807-1868. 

1873 

1859-1861. 
18:S-1873. 
1872-1873. 

1854 

1869-1873. 

1Sj9-1861. 

ie56-18.".7. 
1859-1860. 



18^ 

1857 

1858-1864 

1858-1861,1867-1 

1859 

1869-1870 

1870 

1H70-1873 



Name of observer. 



Dr. 8. K. Jennings, 

A. W. Stovnll, 

Dr. Tbonios J. Kennedy. 
Dr. G. H. Blaker. 
Prof. W. M. 81«wart. 
T. P. Wright. 
H. Foster. 
Thomas L. Sawyer. 

B. F. Tovel. 
Charles H. Letris. 
Dr. W. W. McNnlty. 
Dr. Jos. M. Parker. 
Dr. Robert T. Carter. 
8. a. and W. S. Dook. 
E. W. Aiusden. 

O. W. Morris. 

Prof, George Cctoke. 

Prof. George Cooke and L. Gris- 

T. L. Griawold. 

Stephen C. Dodge. 

Prof. J. K. Payne. 

J. R. Blake. 

W. E. Franklin. 

Prof. A. P. Stewart. 

Prof B. C. Jilson. 

Eward F. Williams. 

Kev. C. F. P. BoDcroft. 

Miss Blanche Lewis. 

United States navy-yard. 

E. Harris. 

Dr.W. J. Tuck. 

Dr. Daniel F. Wright. 

Drs. W. I'nck and K. W. MitcheU. 

Dr. R. W. Mitchell. 

I^dnard Goldsmith. 

Prof. Jumes Hamilton. 

William Rothrock. 

James Higgina. 

Fred. H. French. 

Charles A. Stiltwell. 

J. W. Dodge &. Son. 

Rev. C. Woterbnry. 

P. C, Blnhni. 

Profi'saor Hamilton. 

WilUam T. Grigsby. 



Charles R. Bamey. 
James B. Beau. 
6. W. Honghton. 



Fiedettck Eater, 

Dr. Bamnel K. Jennings. 

J.W.Gleun. 

Dr. S. K. Jennings and J. Van Kos- 

Swante Palm. 
J. Van Nostrand. 
J. D. Cunningham. 
Burke Combs. 
W. a Goode. 
Joseph Fietsant 

,..d by Google 
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Momlklji melwrohgieal rtpvrti prtiened in tt« SMlfhiojriaii ImtitMlhtt — Continned. 



Name of atuioo. 


Period. 






IW2-187T 


















































George N.Leoni. 








































Comly, and others. 
Dr. A. H. Beailey. 

George G. Bhumard. 








195W861, l^-m-J 
















Helena 




John C.BrighUnan. 


























1H49-1851 














Kftflfman 




James T.Rayol. 










W.T.Eppereon. 








1869-1871 

1869-1870,1878 




Lockhart 




Long Point 
























C. Runge. 
■. C, Ervendberg. 
.L.rorke. 
'. Siinpwin. 








Iy55-l&i7 

1870-1872 






















Eepow 
























le59-1860 


J.O.Gaffuey. 
Ernest Kapp. 








TWrraDt ...::::;:::::::::::: 




Dr. B.8.D'Spttin and J. M. Ewing. 




















1S67-1869 

1856-ieWI 










Prof. C. W. YeUowby. 

F. Kellogg. 

Dr. James E.Moko. 






Woodborongli 


1659-1860 



.oogle 
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MonlAlg mettorological reporh praemd in Uie Sxilhionian Inttilution — CoDtinaed. 



Noine of station. 



Clah. 

Catnp Donglas 

Coalvlllo 

Great Salt Lake City. 

Harrishargh 

Rebervtlle 

Bockville '.. 

SkiDl GecTge 

Saint Mnry'a 

Tinelan<I 

Wanship .-■ 

Washington 

n^moal. 

Bamet , 

Bradford 

Braodoa 

Brattlebomngb 

Brookfitld 

BarlingtoD 

Calais 

Castleton 

Charlotte 

CrallsbDt; 

East Bethel 

East Montpelicr 

LnneDbuTg 

Hiddlelinry 

MoDtpelier 

Uonnt Anthony , 

Nonh Crafisbury . . . . 
h'orvich 

Randolph 

Batland 

Salens Mills 

ShelbDrne 

South Troy 

Springfield 

Saint Johnsbury 

Strafford 

WestF^rlee 

Wiltuingtou 



Name of observer. 



1871 


A. C. Fonl. 
Cbarles ViuweR. 






H.E. Phelps. 

H. E. Phelps and W. W. Phelps. 

E. L. T. Harrison. 


t859-18<>l, 1863-1871 
1872-187;l 


1867-1873 


Jaoies Lewis. 






1862-1864,1869 


Harrison Pearce. 

H. Pearoe and 0. A. Borgon. 




















1866-18ffr, 1869 


Dr. B. F. Eaton. 






1864-1867,1869 




1H63 


T.T. Pollard. 

Prof Zadock Thompson. 






James K. toby. 










M. E. Wing. 
















1855 


B. J. Wheeler. 
Hirom A. Cutting. 














H.U. Marsh. 
E.MrCumer. 


1863 


1869-1870 








Samnel B. Phelps. 




1849-1851 


H. M. Manley. 




Joseph Parker. 
B.O.Mead. 
J.C.Baker. 
George Bliss. 
Jainea C. Kennedy. 
BeT.J.W.Chiukerlng. 


1862-1864 

1855 






IKB-KSS 






1858 

1866-1867 


L.W. Bliss. 

Hot. John B.Peny. 



lb, Google 
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Monlklg meltanbgieat reportt prtierred in the SnUlDonian /HtfitHftoR— Contiuned. 



Name of atation. 



Virginic 

Ann» 

AlesBndria 

Aahlaad 

Berry ville 

BlBCkebntgli 

BridgetOD 

BridgBwater.i.. . 
Bafi£lo 

BarniDK SpiinKs. 

Cedar Sill 

CartenviHe 

Cfaanibera' Valley 

Chartestou 

CbarlotteaTiDe . . 

Cbriatlansburgli . 

Cobbam 

Cobhaiu Depot... 
Crichtoii's Store. . 
DiomoDd Grove. . 

Dover MioeB 

Fairfax 

FolmoDth 

Frederickabargh . 

Fork Union 

Garysville '.,. 

Goeport 

Hampton 

Hartwood 

Heatbsville 

Hewlett's 

Hollitlav'sCove. .. 

JobnaoDtown 

Leeabargh 

LexingtoD 

Lintrood 

Llojd 

Longwood 

Iiynchburgb 

HadiHon 

Murkbam Station. 

Meadow Dais 

MecbaDicaville — 

Middlesex 

HoDt«alm 

HontrOH 

Hontrom -•. 

Moaay Creek 



1867-1858 

1867 

I86#-1873 

1858-1859 

IH49, 1853-1858. 
1854,1856-1857. 

1869 

ia'>5-1857 

1858 

1873 

1868 

1852-1K>4 

1851-1854 

1855-lffi8 

1858-1859 

1WC8 

1871-1873 

lS7a. 

1873 

1S56-1657 

liM9-lb51 

1859-1861 

1851 

1849-1851 

1859-1861 

1852-1861 

1849-lKl 

1873 

1870-1871 

1859-1801...... 

1859-1861 

1849 

ia')9-1861 

1856 

18r.9 

1849 

18G9-1S73 

1858 

1849 

1867 

1858 

186e-m73 

1849 

1854 

1861 

1667-1370 

1870-1871 

1h:1-1872 

1H59 

1867 

1854 

1866-1873 

IKil-iesa 

1870 

1817-1659 

1969- """ 
1852. 

1854 

1856-1857, 
185fe-1859. 
1856-1858. 



Name of observer. 



Cbarlea Marsh. 
Lester A. Milk-r. 
H. DotoD aud L. A. Miller. 



Rev. 0. B, McKeo. 
Benjainin Hallo well. 
Snnmel Conch. 
Prof. R. M. Sinitb. 
MiBB E. Kounslar. 
Dr. R. KouDBlar. 
X, L. Hann. 
C. R. Moore. 
Jed. HotcbkisB. 
Prof.G.R. Gosaiter. 
Samnol Coacb. 
William R. Boyers. 
Rev. Henry Bliven. 
Capt. David B. Honie. 
Rauiiolph Harrison. 
J. B. Saabacb. 
Jas. E. Kendall. 
Charles J. Meriwether. 
J. Galls Abell. 
Williaui C. Hagan. 
Charles J. Meriwether, 
George C. Dickinson. 
R. F. Aatrop. 
R. F. Astro |). 
Charles A. Harrington. 
Miss L.R. Thrift. 
Abraham Van DoreD. 
Charles H. Boby. 
B. R. Wellford. 
Silas B. Jones. 
Dr. T, A. Bcckwith. 
Julian C. Rufflu. 
U. 6. uavy-yard 
James M. Shennan. 
Abraham Van Doien. 
J. C. Wille. 
J. P. Adams. 

B. D. SftDders. 

C. R. Moore. 
N.F. D. Browne. 
Sam net X. Jackson. 
Will. K. Park. 

W. H. RnOner. 
Prof. J. L. Campbell. 

D. Payne. 

George W. Upsbaw. 
Thomas J. Wtckline. 
A. Ncttleton. 
Charles J. Meriwether. 
Dr. A. M. Griuaau. 

L. E.Payne. 
James Slaves. 
William A.Martin. 
L. C. BreckeuHteiD. 
Cbartes J. Meriwether. 
H. U. Faimtleroy. 



lb, Google 
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Monlhli/ nrteorotogical reporla pr*srrred in the Smitlitoiiiait /miHIb (ion— Continued. 



Nome of etotlon. 


Period. 


Name of observer. 




1H56-1956, I8e7-186e 
l«i8-1673 




Mastapha 


J. T. Clarke »nd Miis BeU Clarke. 








laW-lBK 


U. S. Naval Huspital. 
















Naval Himpilal. . 
Edward T.Tajloe. 


























Jobn AppWyarU- 










GeorEe W. Upxliaw. 






GtwgoC.UickinBon. 


isx"r* 


















ia>T-1870 

l-*7:i-la73 

WW 

Irtf»^l87a :. 

i-^ra 

letr-i-??! 

1H'.9-If»fi0 


J.W.Stalnaker. 




E. I>. Steuker. 
J. B. iQilxMleD. 




J.C.Covell. 
Jedodiah Hotchklia. 


Surry 


Rrujamiii W'.Jonea. 
John Pickett. 














irtc-iara 


0. A. Bowmaii. 
Mre.aE. Cbauilmrlalll. 




itfri-iwa 




J. VV. Murviii. 




W. D. Reeilel. 




Irtil 

i8is-ieriG,i87a-ie7; 




Howard Shriver. 








Watkitigtmt Terrilorg. 










Captuin Hucne. 


































S.S. Biilkley. 
















TbomaBM.WhitcoTiib. 


Wat Firijiiiia. 




CharleeL.Rnffe. 












Dr.J.J.Offalt. 






D.H. Ellis. 






Dr. W. H. Sharp. 




lefiS 












William Sheen. 






Jacob LHilL 


KADftWhk 


1656-1857 


David L. Bnffiier. 



lb, Google 
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Jlonthls mtteorologieal reporU prttervei in tbr SmiUuoitiait ImtUaOon — Contioned. 



Name of Btatioa. 



Name of observer. 



KanBwLa 

Kanawha Saliiits . . 
LewUburgli 

MorgaDtowu 

Vev Croek Station. 

Point Pleosaot 

Koiuuoy 

Siiterevillo 

Wordiiuaville 

WelUbiirgh. 

Weston 

West Union 

WhediDg 

Wirt 

tri»am*ln. 

Appleton 

Aahlanil 

Audubou 

Aztulan 

Baraboo : 

Bay City 

Bayfield 

Bellefontaino 

Beloit 



Black River Falls. 

Brigbton 

Burllugtou 

Caldwell Prairie.. 
Caacode Valley... 

Ceresco 

Darl.ford 

Delafleld 

Delavao 

Edtcerton 

Elkhorn 

Emerald Orove ... 

EmbaiTB«« 

Falls of St. Crois. 

Galesville 

Geneva 



lese, 1860-1861.. 

1858-1859 

lr;r>l-1853 

1653-1857 

1858 

1850-1861 

1872-1873 

1856-1865 

1858 

1852 

1866-1870 

1857-1858 

1855,1859-1661., 

iai9-1860 

1868, 18T0-1H71, 1873 

1869 

1873 

iKis-iesc.. 

1859-I8G0.. 
1856-1858.. 



1367-1671 

1662 

1873 

1819-1852 

18i0-16r>a 

1664-1872 

1857-1858 

WiB-iera 

1867-1873 

1851-1854 

1849-1854 

18.-^1 

18r)5-I860 

18C1.18(a 

18C3-18ti7 

1H71-1873 

18.-,9 

la-j-ista 

1859 

1800 

1861 

1800-1861 

18Ji6 

la-u-isss 

1M61-1802 

1859-1660 

18fel-ia63 

18C4-1M67 

1873 

1867-1873 

1873 

1849-1854 

18G4, 1866-1873. . 

1857 

1658 

1867-1868 

1663-1873 



. Jamee E. Kendall. - 

W. C. KeynoldB. 

Dr. William M. Pa tton. 

Dr.TbownBPutton. 
. Thoa. Pfttton oud J. W, Stolooker. 
. J.W.S^alaalce^. 

, Pruf.S.G.Si;oveas and Mioa M.T. 
Stuvisns. 

Hendricks Clark. 

W. R. Bojcrs. 

HarHhall McDonald. 

W.H. McDowell. 

Enocli D. John^n. 

D. H. Ellia. 
B. D. Sanden. 
Benjamin Owen. 
H. P.CamdoD. 

E. Ralston. 
W. C.Qiiiney, 
George P. Lockwood. 
Josiali W. Hoff. 



. Prof.R.Z.Maaan. 

. Jobn Hicks. 

. Dr.M.J.E.Hurlburt. 

. Prof. J. C. Foye. 



Edwi 



I Ellis. 



A. T. Dearborn. 

James C. Broyton, 

Dr. B. F. MilLi. 

M.C.Wnite. 

Edwin Ellis. 

Harvoy J. Nonise. 

Andrew Tate. 

Thomas Gay. 

Prof. S. P. Lathrop. 

J. McQniKg and W.Porter. 

Prof. William Porter. 

Prof. Henry S. KelBey. 

Henry D. Porter. 

Beloit CoUeKC- 

Emil HauHer. 

George Mathews. 

D. Matthews. 

D. and G. Matthews. 
George Matthews. 
S. ArmstroDK- 
Samael R. Seibert. 
Miss M. E. Baker. 
M. H. Towers. 
Prof. A. W.Clark. 
Charles W. Kelly. 
Levens Eddy. 

E. N.Leo. 
Henry J. Shiiitz. 

, Geo. W. Hodges. 
Orriu Dinsmore. 
.Everett Breed. 
I. T. W. Chandler. 
Wm. M. Blanding. 
Wm.Galo. 
W.H. Whiting. 



Google 
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Honthtg meteorological reports preteired in tie SmiilwoBiaH tKttitatlon — Continued. 



Kamo of station. 


Period. 


Name of obserTer. 




1^9 














C. F. Pomeroy. 

JnliD De Lyser. 
G.F.LiviDRBtoi). 
JoliQ O'DoDogboe. 












lew 






1K5.W858 




Geo. J. Kellogg. 












KcnoBha 


1K-.I-1M2, 1857-1863 


Rev.JolmGriilley. 




















Lind..::;:::::::::::::::::: 


1H58 






Prof. S. II. Carpenter. 

8. H. Carpenter aod J. W. Sterlius. 

Dr A Scbuc 




i8ri 




1856-IK.9, 1863-1965 

IBCO 


Prof.J. W.Sterling. 
J. Jennings. 

Prof.J.W.SterliiigaDdS. P. Clarke. 
Prof. J. W. St«rlingand W.Fellows. 


















Jacob Liipe. 














1849-1«2,18M,185T 
1871 


I. A. Lapham. 












l«-.5-lK'a 

18.-)!K1861 


F. C. Poraeroj. 
Prof. E. P. Larkin. 
J. 8. Paahley. 
















John L. Dunegan. 




















iwa-iM) 


L. H. Doyle. 
























Spencer L. HilRer. 














iseo-isiii 


Hiland W. Fbelps. 












Honier Riieglea. 










Rev. Jobu Oridley. 

Rufus M. Wrigbt. 

Mre-CC. Pinoey. 

Edward 8. Spencer. 

Wm. H. Newton and L. Waabiug- 

ton. 
L. A. R. Washington and C. Ldt- 

iuK.Jr. 




























18W)-18G3 


G. R. Stuuu and E. H. BIy. 



oogic 
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Monthly meteorological reporln pr^ervtd in the Smithtoiiltin IndHuitoB— Continued. 



Hania of statioD. 


Period. 


Name of observer. 




1873 














law 

18a5-1856, 1858-185D 




Wan 


Prof. S. A. Bean. 




1863-1873 


M. C. Mead. 






















































Wgtming Terntory. 




Georfce H, Lewis. 
D. J. Pieroo. 




1871 


CENTRAL AMERICA. 

COBTA. RICA. 






1863-1866 

1866-1867 




Dr. A. Von FrantrinB. 


o„™^.. 


















ABpinwaU 






1S65-1S66, ISfeJ 

1687 . ..... 


Dr.J.P.Klage. 

Drs. J. P. Kings, 0. V. Bnckor. 


KICARAaCl. 




MKXICO. 








1858-1860 












Prof.L.C.Erv6iidberg. 






















Herman Becendt. 




1869 
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2lonlht!i meteorological reports proerred in tht SnilAwnfdit tnittlution — Continued. 



^ame of Bt«tiou. 


Peri(Ni. 


Kame of observer. 












MiltoD BmytoD. 


BiUiMAS. 








J. a Hsyno. 




IdOO 














Tnrk'9lilaDd,8«ltC»y 










BERMUDA. 




CAptnin Aleiaudoi, 
RutbI OsEetto. 




















Center Siicnal Station. 
























PORTO BICO. 










George Latimer. 


SAM 8ALVUMB. 






















SOUTH AMERICA. 






DUTCH GriANA. 




CJ.Herini^ 


ASIA- 




TCIIKEY. 










Rev. George CEnapp. 


JAPAN. 








Naval Hospital. 


MISCELLANEOUS. 








NairmtSDKtt, SheDOudoab, Lau 







b, Google 



132 METEOEOLOGIOAL MATERIAL. 

CLASSIFIED LIST OF METEOROLOGICAL PUBLICATIONS, 
AND METEOEOLOGICAL AETICLES IN PERIODICALS, RE- 
CEIVED BY THE SMITHSONIAN INSTITUTION IN 1873, 
AND DEPOSITED IN THE LIBRARY OF CONGRESS. 

AURORAS. 

Die Nordlichter verursacht darcb die Striiuiuiigen im Laftmeere an dcD 
I BeobaclituDgen oacbgewieBeo. Professor Prestel. (Zeitschrif't der 

osterreicbischen GesellBchaft fiir Meteorologie, vii, No. lU.) 
Le aurore boreali e i feoomeDi meteorulogici di Ottobre 1870. 
Note i propoH d'uoe aurore bor^ale observes & Orl^aus le 4 Kvrier 1872, 

(M^moires de la Soci6t6 d'agriculture, etc., d'Orl^aDS, tome xv, 

Nos. 1-2.) 

EARTHQUAKES. 

II tremuoto delle notte da 12 a 13 Dicembre 1809, (Eeodiconti della 

Society dei Daturalisti di Modeua, No. 1.) 
Note Bar le tremblemeiil de tcrre resseuti le 22 octobre 1873, dans la 

Prusse rb^DaDe et en Belgique. M. Albert Laocaster. 
Notes snr les tremblemeDts de terre eu 18C9, arec supplements pour Ics. 

anD^es aot^rieares de ISi'A d 1S(J7. (Metnoires couroon^es et autres 

m^iDoires publi^es par I'Auad^mie royale des sciences, etc., de Bel- 

gique, tome xxii.) 
Sui terreuoti receuti aelli Romngue. Dottore Jacopa Michez. (EQe- 

meridi della Society de letture e cou^'ersa2ioui scientiflche, auuo 2, 

vol; 1, fascioli 1-2.) 

ELECTRICITY. 

Resnltate delle osservazioni sail' elettricismo atmosferico, istitute nel 
Reale osservatorio di Modena. D. Rngona. 



Der Einduss des Waldcs auf das Klima. Tb. Hartuag, ISTl. 
GENERAL METEOROLOGY. 

CoDtributions to oar knowledge of tbe antarctic regions. London, 1873. 

La meteorografia del globo studiata a diverse altitndine da terra. F. 
Zantedeschi. (Commentari dell' Atnneo di Brescia per gli anni 
1868-69.) 

L*uniidita. Lettura del Prof. D. Ragena. Milano, 1S73. 

Osservazioni sa la evaporazione, del Prof. D. Ragona. 

Papers on tbo cause of rain, storms, tbe aurora, and terrest^,lal magne- 
tism. G. A. Rowell. London, 1S71. 

Sojira alcniii fenomeiii di fisica terrcstre in I'clazionc cou nlonni feuome- 
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ni di fisica solare. A. Palagi. (Memoria delt' Accadcmia delle 
scieoze dell' Istituto di Bologne, serie 3, tomo 2, fasciolo 2.) 

SaggestioDs on auDiform system of meteorological observations. (Royal 
Dut«h Jileteorological Institute, Dtreclit, 1872.) 

Sur nn syst&me mSt^rographique nniversel. M. Van Eysselberghe. 
(BallHtin de PAcad^mie des sciences, des lettres et des beaux arts 
de Belgique, 42e anode, 2e s^rie, tome 36, Nos. 9-10.) 

Bapports de MM. Gloesener et Liagre sur la notice du M. Van Eyssel. 
berghe, cODcemant un syst^me m^t^rographiqne universel. (Bul- 
letin de 1' Academic roynle des sciencea, etc., de Belgique, 42e an- 
n^e, 2e s^rie, tome 36, No. 8.) 

Ueber die Ursaclien des eisfreieu Meeres in den Ifordpolargegenden. 
F. Y. Kubu. (Zeitscbiift der ost^ireichischen Oesellscbaft fiir Me- 
teorologie, vol. 7, No. 10.) 

INSTEUMENTS. 

Descrizione dell' igrotermografo del Eeale osserratorio di Modena del 

Prof. D. Ragona. 
Descrizione delta nuova finestra meteorologica del Eeale osservatorio di 

Modeua del Prof. D. Eagona. 
Descrizione del barometro registratore del Beale osservatorio di Modena 

del Prof. D. Ragona. 
Esposizioue e discussione dei resaltate del barometro registratore del 

Reale osservatorio di Modena per I'anno 18G7, del Prof- D, Eagona. 

MAGNETISM. 

Contributions to terrestrial mugnetism. No. 13. Gen. Sir Edward Sa- 

bine- 
Magnetieka Observationer under Sveneka Polarexpeditionen, Ar 1803, 

af Elarl Selim Lebmstrom. Stockbolm, 1S70. 
Sulla possibile conuessione fra le eclisse di sole ed il maguetismo ter- 

lestre. Memoria del Prof. Francesco Denza Barnabita. Koma, 

1873. 

METEORITES. 

Bolide observe & Brnxelles le21 juillet 1873. (Bulletin de I' Academic 
royale des sciences, etc., de Belgique, 42e anu^e, 2e s^rie, tome 30, 
No. 8.) 

Considerazioui snl ra<1iante della pioggia metcorica del 27 Kovoiubre 
1872. Nota del Prof. Domenico Ragona. Firenze, 1873. 

Les ^toiles filantes, les bolides. (De Tastronomie dans 1' Academic roy- 
ale de Belgique, rapport s^ulairc, 1772-1872.) 

Meteonsfallet vid Ilesslo den Ista Jauuari 1800, af A. E. Nordenskiuld. 

November meteors, 1869. Charles Meldrum, Mauritius. 

Sopra una probabile coonessione fra le eclisse di sole ed il inagnetismo 
terrestre. J. Micliez, (Memoria dell' Accadeinia delle scieuze deli' 
Istituto di Bologna, serie 3, tomo 2, fasciolo 1.) ^ 
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Btelle meteoriche di Agosto 1867, osservati Del Ileale osservatorio di 
Modeua. D. Bagona. 

Sulla relazione fra le comete, le stelle cadenti, ed meteorite. Scfaiapa- 
relli, (Memoria del Beale istituto loubardo di scieuze e lettere, 
vol. 12, 3 della serie 3, fasciolo 3.) 

Sur les 6toileH filantes de la p<Sriodc de Dovembre 1S71, et snr les anrores 
bor^alcs des et 10 du mitme moia. , Note par M. Ad. Quetelet. 

Sur lea ^toiles filautes da mois d'aoQt 1873, par M. Ad. Qaetelet. (Bul- 
letin de I'Aca^I^mie des sciencea, des lettreset des beaux arts de 
Belgjque, 42e ann4e, 2e stSrie, tome 36, Nos. 9-10.) 

LOCAL METEOROLOGY. 
AFRICA. 



Statistique de I'Sgj-pte, aoo^e 1873. 

Mauritius. 

Moutbly notices of the Meteorological Society. 

Kain-fall of Mauritius, by Gbarles Meldrum. 

Fort Louis. — Eesults of observations at the observatory, 1870. 

ASIA. 

India. 

Beport OD meteorological observations iu the nortliwestem provinces of 

ludia, by Murray Thompson. 
Bengal. — Meteorological observations. (Proceedings of the Asiatic So- 
ciety of Bengal, December, 1872, and January to April, 1873.) 
Beport of the meteorological reporter to the government of Bengal 
for the year 1867-68, with a meteorological abstract for the year 
1807. Calcutta, 1868. 
Eeport of the meteorological reporter to the government of Bengal 

for 1870. Henry T. Blanford. Calcutta, 1872. 
Beport of the meteorological reporter to the government of Bengal. 
Meteorological abstract for 1872. By Henry Blanford. Calcutta, 
1873. 
Bombay. — Magnetical and meteorological observations at the govern- 
ment observatory from 18(i^ to 1870. 
Water-supply of Bombay. (Professional papers on Indian engineer- 
ing, 2d series, vol. 2, No. 9.) 
Outtb. — Beport on meteorology in the province of Oudh, for 1871-72. 
Punjab. — Iteport on the meteorology of the Punjab, for the year 1871, 
by A. Neil. Lahore, 1872. 
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Japan. 
Meteorology of Japao. Dr. Thomas ADtisell. 1873. 

AUSTEAUA. 

Jfew South Walet. 

Besolts of meteorological observations made in Kew South Wales Id 
1872 by H. C. Eussell. Sydney, 1873. 

Meteorological observations made at tbo government observatory, 
Sydney, in 1871-73, nuder the direction of B. 0. Kusselt. 

Besolts of meteorological observations in 1871. H. C. Eussell. Syd- 
ney, 1872. 

Brisbane. — Meteorological summaries from about fifty stations. E. 
McBounell. 

EDBOPB. 

Avstria. 

Zeitschrift der osterreichischen Gesellscbaft filr Mcteorologie. Dr. C. 

Jelinek and C. Hahn. Vol. 7. Wien. 
Jabrbiicher der kaiserlich-kouiglicben Ceutralanstalt fitr Meteorologie 

nnd Brdmagnetiamus, von Dr. C. Jelinek uud Carl Fritsch. Wien, 

1873. 
Uebersicht der pbanologischen Beobachtungeu im Jabre 1870. 
Cracow. — Meteor ologisc be Beobacbtaugen, angestellt an der kaiserlicb- 

kduigliehen Sternwnrte in Krakau im Jabre 1872. 
Pola. — Kaiserlicb-kouigliches hydrografisches Amt. Witterungsiiber- 

sicht, 1872. 
Prague. — Magnetische nnd nieteorologiscbe Beobacbtungen auf der 

kaiserlich-koniglicbeu Sleruwarle zu Prag in 1871. 

Selgium. 

Observations des pb^nomJ;nes pdriodiques pendant Pann^e ISGO. {M4- 
moires de I'Acad^mie royale des sciences de Belgiqne, tome 39.) 

Observations des ph^nomines p(^riodlques ])endant I'ann^e 1870. [Ex- 
trait du tome 39 desMemoires de 1' Academic royale deBulgique.) 

Note snr les orages qui ODt s4vi ^ Aartselaer te 23, le 26, et le 29 juillei 
1873. (Bulletin de I'Acad^mie royale des sciences, etc., de Bel- 
glque, 42e ann^e, 2e s^rie, tome 36, No. 8.) 

AutKerp. — Mesures d'altitudes baiom^triqnes prists & la tour de la 
cath^drale d Anvers, sous llufluence de vents de vitesses et de direc- 
tions difft^rentes. (Bulletin de I'Acad^mie royale des sciences, ete., 
de Belgiqne, 42e anu^e, 2e s6ne, tome 35, Xo. 6.) 

Brusgels. — Determination du la d^clinaisou et de I'inclioaisoD roagu^- 
tioue h Bmxelles en 1873. (Bulletin de I'Acad^mie royale des sci- 
ences, et«., de Belgique, 42e ann^, 2e s^rie, tome 36, No. 8.) 

MecIUin. — Observations faites A Maliues par M. Duumet. (Aunalesde 
la Society d'borticnlture de I'Allier.) ("mi >| ^ 
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Moiitbly meteorological records for Sbagen, Hammershut, and other 
places. 

England. 

Jonronl of tlic Koyal Agricultural Sm^iety of England. 2d series, vol. 
8, part 1. 

Meteorology of England during tbe quarter ending December 31, 1871. 
Jiimes Glaisher. 

On the raiu-fall of 1872. James Tait. (Proceedings of the Berwick- 
shire Naturalists' Club, vol. 6, No. 7.) 

Quarterly Journals of tbe Meteorological Society. Edited by James 
Olaisher. 

Quarterly Journal of tbe Meteorological Society, vol, 1, 1873. 

Quarterly weather- report of the meteorological office, part 4, Octo- 
ber to December, 1870, 

Quarterly weather-reports of the meteorological office, July to Septem- 
ber, 1871, and July to September, 1872. 

Keport of the meteorologiciil committee of the Boyal Society for the 
year ending December 31, 1872. 

Symons' Monthly Meteorological Magazine, March, 1873. Loudon. 

Weather-reports, July 1 to December 31, 1872. Meteorological office. 

Weather-reports, January 1 to December 31, 1871. Meteorological 
office. 

Cornwall. — Meteorology of West Cornwall. (Fortieth annual report 
of the Koyal Cornwall Polytechnic Society.) 

Greemcich. — Results cf tbe magneticat and meteorological observations 
made at the Boyal Observatory, 1870. 
Greenwich niagnctical iind meteorological observations, 1871. 

Stonyhvrst. — Be^ntts of meteorological and magnetical observations, 
1871. 

France, 

Annnairesde la Socl^t^ mtStiijrologique de France, 18C9-71. 

Annuaire de la Soci6t6 m(5teorologique de France, tome 18, 1870. 

Sur les grands crues snrvenues dans le bassiu de la Loire jK'ndant 
I'hiver 1872-73. (Annales des ponts et chauss<^ea, avril 1873 ) 

Le Manx. — Table resume dea observations faites au Maus par M. D. Bou- 
bomet pendant le 3e et4e trimestres de 1871. (Balletiu de la So- 
ciety d'iigriculturc, sciences et arts de la Sarthe, lie sfirie, tome 
13.) Le Maus, 1872. 

Lyons. — Observations m^tSorologiqnea fajtea k I'observatoiro de Lyon dn 
ler d^eembre 1869 au ler d^cembre 1871. (M^moires de I'Acad^- 
mie des sciences de Lyon, tome 19.) 

Jfonteowm. — Bulletin de I'Observatoire miSttJorologiqne central, 1870-71. 
Bulletin de I'Observatoire m61<^orologique central de Montsouris, Jan- 
vier, fiivrier, 1872. ,^ , 
,1 zed by Google 
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Supplement, juillet h septembre 1870. 

SnppMment, 1871, additious et corrections. 
J*am. — Atlas aunnul de I'observatoire do Paris^ 18T2. 

Bulletin iut«ruAtiouaI, juin 1873. 

Bulletin luetisuel de I'observatoire de Parla, 1872. 
Toulouse. — IC^um6 annuel des observations met^orolot;ique3 faites & 
I'observatoiro de Tonloutte pendant les anodes lStiS-70, par M, 
Daguin. (M^nioires de rAcad^mie des sciences, iuscnptiona et 
belles-lettres de Toulouse, 7e s^rie, tomu 3.) 

Tableaux meusaels de principales observations mi^t^rologiques faites 
i I'observatoire de Toulouse, pour le-s quatre dernier mois de I'au- 
uie mSt^orologique 18C&-70, par M. Dagnin. (M^moires de I'Aca- 
d^inie dea sciences, inscriptions et belles-lettres de Touluuse, 7e 
s^rie, tome 3.) 
Tours. — Observations in^t^orologiques du mois d'octobre. Observations 
ro^ttorologiques du mois de novembre. B£sum6 m6c6orologique de 
Pann^e 1870-71. M. de Tustea. (Annales de la Soci^tt^ d'agricnl- 
ture, sciences, arts et belles-lettres, 102e ann^e, tome 1, No. 5.) 
Tours, 1871. 

ffaitover, 

Der Bndeu, das Klinia und die Witterung von Ostfriesland, von M. A. 
F. Prestel. Emdeu, 1872. 



£^urue dea observations m^tfSorologiqties faites 4 Luxembourg en 1870. 
M. F. Renter. (Publications de I'lustitut royal grand ducal de 
Luxembourg, tome 12, 1872.) 

Sujigarg. 

Uagnetische Ortsbestimmungen im Konigreicbe Uiigarn. Wien, 1S71. 

Ireland. 

A comparative view of meteorological observations made in Ireland 
since 1788. lUcbard Kinvan. Dublin. 

Italy. 
Bolletiuo meteorologico. (Gioniali agrario italiano.) 
Snl elima d'ltalia. Lnigi Kolla. ((Jommentari dell' Ateneo di Brescia 

per gli auni 18C8-C9.) 
Brescia. — Osservazioni meteorolegicbe dell' anni 1868-69, (Comiiientari 

dell' Ataneo di Breccia per gli anni 18C8-69.) 
Milan. — Uigoledo uel 1871. Note statistiche d'idroterapia ed elimutolo- 

gia del dottore Carlo Zuccbi. 
Sul grande conimovimeuto atmosferico avvenuti ill" Agosto 1872, 

□ella bassa Lombardia e nclla Lomelliiia. Aunotazioue di Giovanni 

Celosia, 1873. (Bolletiuo del Kcale osservatorto di Brera in Alihiuo.) 

,_.ii,Goo'^[c 
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Modena. — Le stazioni pluviometricbe della provincia di Modena. 
I/iimidita. Lettura del Prof. D. Bagona, direttore del Beale osserva> 

torio di Modeua. 
B^sum^ des observatioDS 8ur la inSt^roIogie faites & robservatotre 

ro>ale de Modena, par M. le profeasenr D. Bagoua, anu^ 1867. 
Naples. — Specola reale di Xapoli. Osservazioni meteoriche del Dicembre 

1S72, fatte dal astroDomo profesaore F. Briosclii. 
Turin. — Snpplemento al BoUetiuo annuale 1S70 dell' osaervatorio astro- 

nomico dell' Universiti di Torino. 
Bolletiuo meteorologico ed astroDomico del Beale osaervatorio dell' 

Uuiverait^ di Toriuo, 1871. 
Udihe. — Oaservazioni metcorologiche istituto in Udiae nell' anno 1870. 

(Annali scientiflci del Beale istitato tecnico di Udioe, 1871.) 
Venice. — Bolletiuo meteorologico con annotazione statisticbe e mediche 

per Geunaio e Febbraio 1872. (Atti del Beale iatitoto veneto di scin 

enze, lettere ed arti dal Noveuibre 1872 all' Ottobre 1873, toino 2o, 

aerie 4a, dispensa 2a.) 
BoUetino meteorologico cod osaervazioue etatiatiche e mediche pei 

mesi di Maggio e Oinguo 1872. {Atti del Beale istituto veneto di 

aciebze ed arti, tomo 2o, serie 4a, dispensa 6a.) 

Prussia. 

Meteorologische Beobachtungen aus M^hren mid Scbleaien in 1870. 
(Verhandlungen dea naturforaclieuden Vereiues in Brunn, 9ter 
Band.) 

FranJcfort. — Zwolf Monatstabcllen. Eauptergebnisae, Urundwasserbeo- 
bacfatuDgeu,VegetatiOQszetten, Sternachiiuppenbeobachtungen, vom 
Jahre 1871 und 1872. Graphisclie Dai-stellang der Witteraogs- und 
Gruudwasserbeobaebtnngen. (Jabresbericbt dea pbyaikalis cben 
Vereina zu Frankfurt am Main fiir daa BecbuungKJahr 1871-72.) 

Sussia, 
BepeptoriumfUr Meteorologie. Dr. H. Wild. St. Petersburg, 1872. 
Ihrpat. — Meteorologiscbe Beobacbtungeu angestellt in Dorpat im Jabi'e 
1806. Doktor Arthur von Oettiugen. 
The same for 1870. 
Meteorologiscbe Beobachtungen in Dorpat, 1871. 

Saxony. 
Monatlicbe Bericbte iiber die Besultate aus den meteorologiacben Beo> 

bacbtungen in Sachsen in 1S71. Dresden, 1872. 
Besultate aus den meteorologischen Beobachtnngen angestellt an 24 

eachaiacben Stationen im Jabre 1870, von Dr. 0. Brubus. Dresden 

and Leipzig, 187.'). 
Chemnitz. — TTitterungsbeobacbtungen aus den Jabren 1870-72. (Vier- 

ter Bericfat der natnrwisseiiscbaltlivbeQ Gesellscbaft zu Cbeuinitz, 

1873.) 
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ScotUind. 

Jounml of tbe Scottish Meteorological Society, January to April, 1S72, 
with tables for the half-year ending Det^mber 31, 1S71. 

Jourual of the Scottish Meteorological Society, with tables for the half- 
year ending December 31, 1872. ^ 

Qnarterly reports of the Meteorological Society of Scotland, 1839-'02. [ 
Sweden, 

Meteorologist a Jaktagelser i Sverige, utgifna af kougl. sveuska Ye- 
tenscaps-Akadeuiien, vols. 9-11. 

Upsal. — Bulletin m^t^orologique mensael de I'observatoire de I'uoiver- 
sit^ d'Upsal, vols 1-3. Dr. R. Buleoson. 
Switzerland. 

Monthly meteorological obaerratione at yeQchutel, Cbanmoiit, and Af- 
foltem. (Bulletin de la Soci^t^ des sciences naturellea.) 

Schweizerische meteorologiache Bcobachtungen, December 1871 und 
Janoar nod Feliruar 1S72. 

Schweizerische meteorologische Beobacbtpngen, herausgegeben von dcr 
meteoTologischenCeutralanstaltderechweizerischen naturforscheu- 
den Gesellschaft. Prof. Dr. Rudolf Wolt. 7ter Jahrgaug. Zu- 
rich, 1870. 

Qmeta. — R4sam4 m^t^orologiqne de I'ann^e 1871, pour Geneve et le 
Grand St. Bernard, par E. Plantamour. 

Lauaanne. — Bulletiu meusuel des observations m^tSoiologiqacs de Lan- 
saooe, par J. Marguet, 1871. (Bulletin de la SociSt^ vandoise des 
sciences natureltes, vol. 11, Ko. 66, 1S71.) 

Wilrtemberg. 
Wiirtembergische Jahrbficher iilr Statistik and Landeskande. Stutt- 
gart. 

KOBTH AHBBICA. 

Canada. 

Toronto.— Monthly meteorological i-egister and remarks. (Canadian 

Journal of Science, Literature and History.) 

United States, 

Meteorological observations at lake stations. (Aunnal report of Chief 

of Eugineers, Washington.) 
North Carolina. — Western North Carolina, its agricultnral resources, 
climate, &c E. J. Aston. Milwaukee, 1S70. 
80UTB AMERICA. 
Notes on the climate of tbe MarauoD. Francis L. Gait. (Proceedings 

of the Hoyat Geographical Society, vol, 17, No. 2.) 
Chiti. — Resumen mensnal de las observacioues meteorologicas efectaa- 

dos en el a&o de 1870. 
Ycnesuela, Caracas. — Observaciones meteorologicas en C 
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WEST INDIES. 

Cuba. — Memona de la marcba regular, 6 periodica 6 regular, del barome- 

tro (lesde 1858 & 1871 inc., por el R. P. H. ViQes, director. 
Observiiciones magueticas y meteorologicas del Beal colegio de Btv 

leD, 1870-71. 
Observocioues magneticas y meteorologicas per diferentes horas del 

(lia. (Anales de la Academia de ciencias, medicas, flsicas y tiacu- 

rales de la Habaua.) 

OCEAN-CDEKENTS. 

Tbe sea teiiipemture and currents of the 1(K> square of tlie Atlantic 
between tlie equator and 10° north and 20° to 30° west. {Lecture 
by W. E. Nicholaou, ID Journal of Royal Service Institution, So. 72.) 



Sui coefiicieuti ozonometrici dell' nmidita e della temperatura. Xota 
del Frofessore Ragona. 

" RAIN. 

Rainfall and evaporatiou in its relation to water-supply. Alexander 
Leslie. (Traiisactiotia ot tlie Boyal Society of Arts, vol. 8, p. 3.) 

Sulla pioggie di Ottobre 1872. Nota del Prof. Domenico Ragona, diret- 
tore del Regio osservatorio di Modcna. 

TEMPERATURE. 

Coefficiente termometrico per ricorare la temperatura media diuroa dnr 
termometri a mnsaima e minima. Calcolati per ogui gioruo dell' 
anno dal Prof. Domenico Ragona, direttore del Be'ale osservatorio di 
Modeua. 

WIND. 

Air-currents in the Indinn Ocean, by diaries Meldrnm. 

Rotation of the wind, by Charles Meldrum. • 

Die Wirbelstiirme, Toi;na<lo, uud Wettersilulen in der Erd-Atiuosphitre. 

Dr. Th. Reye, Hannover. 
Extraordinary hurling of nttssilea by the Saint Louis tornado of 1871. 

John H. Tice. (Inland Monthly, July, 1873.) 
La velocita del vento, del Prof. D. Ragona. Milano, 1872. 
Le burrasche di Noveinbre 1SG9. (Rendiconti della Societik dei nntn- 

ralisti di Modena, 2i<^o. 1.) 
Uote on the form of cyclones in the Southern Indian Ocean, C. 3Iel- 

drum. London, 1873. 
Teuts r^gnaiits de I'oc^an atlaiitique nord entre Ics Etats-Uuis et La 

Manche. (Traverses des paquebota entre La JUanche et New York. 

Ii6vue maritime, etc., juillet 1873.) 
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REPORT OF THE EXECUTIVE COMiMlTTEE. 



Tbe Executive Gommitteeof tbe Board of Regeots respeett'nlly submil 
tbe following report iu relatioo to tbe fuods of tbe lustitntion, tbe n-- 
ceipts aod expenditures for the year 1873, and the eutiniates for ibe 
year 1874 : 

Statement of the fund at the beffianivff of tite year 1874. 

The anionnt origiuatly received as tbe bequest of James 
Smitlisou, of Eogtaiid, deposited iu tbe Treasury of tbe 
Uiiited States, iu accordauce witU tbe act of Congress 
of lOtb Augn8t,1846 8515,100 00 

Tbe residuary legacy of Suiitbsou, received iu 1S(!5, de- 
posit+'d in the Treasury of tbe United St^ites, iu accord- 
ance witli the act of Congress of 8tb February, 1807... 20,210 O-'i 

Total bequest of Smitbsou 541, 370 OJ 

Amouut de[>ostted iu tbe Treasury of tbe United States, 
as authorizetl by act of Cougressof Stb February, 1867, 
derived from savings of iucome aud increase in value of 
investments 108, 020 37 

Total permanent Smitbsou fund iu tbe Treasury 
of tbe' Uuited States, bearing interest at 6 per 

cent., payable seuii-aunually in gold 650,000 00 

In addition to tbe above tbere remains of tbe extra fund 
from savings, &c., iu Virginia bonds aud certificates, 
viz, consolidated bonds, 858,700 ; deferred certificates, 
829,375.07; fractional certificate, 850.13, now valued at. 33,000 00 
Cash balance iu Uuited States Treasury at tbe begiuuing 
of tbe year 1874, as a special deposit, for current ex- 
penses 12,220 08 

Amount due from tbe First National Bank, (present value 
unknown) 85, 757 41 

Total Smitbsou funds, January, 187 1 005, 220 GS 

Digit zed by Google 
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The Virginia bonds origiually pucliased by tbe Institution were as 
follovB : 

Five bonds of $10,000 each, (5os. 146 to 150;) one bond of $5,000, 
(No. 201,); tliree bonds of $l,O00eacli,(No8. 3497 to 3499;) one bond of 
9500, (No. G5S;) two bonds of $100 each; making in all $08,700. 

On the 9tb December, 1871, tbe above bonds were exchanged for Vir- 
ginia coupon-bonds, consolidated debt, (see Report, 1S71, page 105,) as 
lollowa": 

Fifty-eight bonds, at$l,000cach,(No8.11521 to 11678) $58,000 

One bond, at $500, (No. 1380) 600 

Two bonds, at $ 100 ea«h, (No3. 4192 and 4191-) 200 

58, 700 
These bonds are in the cashier's vanlt of the TJoited States Treasury, 
in charge of Gineral Spinner. Coupons doe July 1, 1873, and January 
1, 1874, are still attached to these bonds. 

In addition to tbe above bonds tbe institntion holds a certificate of 
indebtedness, (No. 4,543,) deposited with Biggs & Co., from the State o( 
Virginia, (dated July 1, 1871,) for one-third of the amount due for prin- 
cipal and interest surrendered under the provisions of an act of the leg- 
islature of 30th March, 1871, this amount having been reserved until an 
adjustment is made between the States of Virginia and West Virginia 
as to the old debt of Virginia, amounting to $^,375.07. 

There is also a certificate of indebtedness (No. 2,969) for $50.13 for au 
odd amount of interest. 

The uninvested balance in the First National Bank at the beginning 
of 1873 was $17,811.36. This balance would this year have been in- 
creased by a saving of (172.73 had it not been for the suspension of the 
First National Bank in September last, in which $5,757.41 still remain 
unpaid, and will probably be, to a considerable extent, a loss. 

In accordance with the law of Congress, tbe interest on the Smitbson 
ftind is payable semi-annually, on the 1st of July and 1st January, and 
ftom the beginning of the operations of tbe institution this semi-annual 
interest was deposited with Messrs. Biggs & Co., nntil at the meeting of 
the Board of Begents on the 22d February, 1867, a resolution was 
adopted directing the deposit of the income in " a national bank which 
was an authorized Oovernment depository." In accordance with this 
direction of tbe Board, the money was deposited in the First National 
Bank, which proved, however, to be an ansafe curator of the funds. 
The whole amount on deposit at the time of the suspension of the bank, 
19th September, 1873, was $8,224.87, on which, however, a dividend of 
30 per cent., or $2,467.46 was paid on the 11th November last, leaving, 
as stated above, $5,757.41 still due 
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Statement of receipts and expenditures in 1873. 

RECEIPTS. 

From interest on $650,000, at 6 per oent. in 

gold $39, 000 00 

FrOBi premium ou gold, Judo and December, 

(15J aod 11^%) B, 101 87 

From interest on Virginia stock, (sale of 

coupons tine January 1, 1873') 1, 091 83 

Total receipts $45,283 70 

EXPENDITURES. 

Total expenditures from tbe Smithson income during 1873, 

as shown by the detailed statement below 45, 110 97 

Balance unexpended, ^hich is included in the cash 
balance in tbe Treasury 172 73 

Statement of expenditures in detail from the SmiHison fund for 1873. 

BUILDING. 

Repairs of the building 93, 252 23 

Funiiture and fixtures : 386 26 

$3, 638 49 

GENERAL EXPENSES. 

Meetings of the board 1300 75 

Lighting the building 322 65 

Heating the building 554 38 

Postage 971 10 

Stationery 394 91 

Incidentals 757 ^7 

Salaries and clerk hire 12, 429 90 

Porcbase of books and periodicids 411 34 

10, 142 56 

PUBLICATIONS AND BESEARCHES. 

Smithsonian contributions, quarto . $S, 706 08 

Miscellaneous collections, octavo 4,514 46 

BeiKtrts, octavo 593 55 

'Interest oD tS8,TO0 coapoDH at :i per cent $1,761 00 

Dednctioii of one-third for West Virginia $587 00 

DedocUoD for State tax 73 37 

DeclDctiun for charge of Eigga &, Co.'s com mission B 80 

UC9 17 

Net nmonnt received $1,091 & 

i.^dh, Google 
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Metoorologj- iiud researches S3, 2.12 81 

Apiiaiatus 815 09 

Liiboratory 109 88 

Explorutioiiti 228 00 

Lectures 600 00 



$18, 799 87 



EXCHANGES. 

Literary and scientific eschangea through agencies in Lon- 
don, Paris, Leipsic, Amsterdam, Aliiau, &c 

MUSEUM. 

Incidentals in addition to Government appropriation 



Total espenditure from Smitbson fund in 1873 15, 110 97 

Daring the past year the Institution has advanced monoy for tlie 
payment on account of the Government for freiglits on specimens, pur- 
chase of apparatus for Government espeditions, &c., the repaytuems 
of which, together with the amonnt received for sales of publications, 
&c, liave been deducted from the several items of the foregoing ex- 
jieudituies, as follows: 

From museum, for repayments for freight $967 46 

From museum, for repayments for labor, &c 010 i:u 

From exchanges, for repayments for freight 190 P5 

From apparatus, for instruments for expeditious 394 07 

From postage, for repayments . , : 37 45 

From building, for repayments 1, 258 37 

Fi-om heating, tor repayments 325 21 

From coat of boobs, for repayments 33 00 

From Smithsonian contributions, from sales 99 07 

From Smithsonian miscellaneous collections, from sales 119 95 

From Smithsonian reports, from sales 16 00 

From incidentals, from sales old material 35 35 



Total repayments and miscellaueouB credits iu 1873.. 3,903 4S 

NATIONAL MUSEUM. 

For several years past Congress has made an annual appropriation 
of 115,000 for the support of the National Musenm, under the care of 
the Smithsonian Institution, and it has also in the last two yetirs appro- 
priated 125,000 for the completion and fitting up of the hulls rerjuircd 
for the Government collections, and $12,000 for the iutroduetiou of 
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s^eam-hestiiig apparatus. The following is a tabular statement of the 
condition of these funds at the present time : 

Appropriation for pre8er\'ation of coUectioos 
for fiscal year ending Jane 30, 1874. (Stat- 
ntes at I-arge, vol. 17, p. 618) tl5, OW 00 

Amoout expended to 3Ist December, 1873. 

(See Museum journal A, p. 55) 7, 500 00 

Balance for support of mnseum to June 
30, 1874 J7, 500 00 

Appropriation for completion of the hall re- 
qoireilfortheGovernmeatcollections. (Stat- 
utes at Large, ToJ. 17, p. 301.) 10,000 00 

(The whole of tliis bas been expended. See 
Museum journal A, p. 500.) 

Appropriation for fitting np the new balls re- 
quired forthe Government collections. (Stat- 
utes at Large, vol. 17, p. 518) tl5,000 00 

Amount expended to 2d January, 1S74. (See 

Museum journal A, p. 519) 0,449 08 

Balance unexpended, but due on con- 
tracts 6, 550 92 

Appropriation for eteam-heating apparatus. 

(Statutes at Large, vol. 17, p. 018) 12, 000 00 

Amount expended to 31st December, 1873. 

(See Museum journal A,p.533) 8,537 07 

Balance unexpended, but due on con- 
tracts 3,462 03 

Balances, January, 1874 9,013 95 

Previous to 1873 all the disbnrsements on account of the appropria- 
tions of Congress for the support of the Katioual Museum were made 
directly by tlie Institution and afterward refunded by the Department 
of the Interior; but during the past year as strict a division of the 
accounts as possible bas been made, and those relating to the muse- 
um have been paid directly by the disbursing agent of tbe Department 
of the Interior. 
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THE FOLLOWING ARE THE ESTIMATES FOR THE TEAR 
1874: 



Interest on the permanent fund, receivable 30th 

June, 1874, in gold |19, 500 

interest on the permanent ftind, receivable 31st 

Becember, 1874, in gold 19, 500 

Probable premium on gold, 10 per cent 3, 900 

Interest on Virginia bonds 2, 000 

$44,900 

APPBOPEIAXIOHS. 

For building 2, 000 

For general expenses . . ; 14, 000 

For publications and researches 20, 000 

For escbanges 7, 000 * 

For books and apparatus dOO 

For contingencies 1, 400 

44,900 

The execntive committee bare examined eight hundred and eighty- 
five receipted vouchers for payments made dnring the four quarters of 
the year 1873. In every voacher the approval of the Secretary of the 
Institution is given, and the certificate of an authorized agent of the In- 
stitution is appended, setting forth that the materials and property and 
services rendered were for the Institution, and to be applied to the pur- 
poses specified. 

The quarterly accounts-current, bank-book, check-book, and ledger 
have also been examined and found correct, showing a balance in the 
care'of the Treasurer of the United States, 13th January, 1874, of 
«12,226.68. 
Respectfully submitted. 

PETER PARKER, 
JOHN MACLEAN, 
W. T. SHERMAS, 

Executive Committee, 
January 24, 1874. 



Since the foregoing report was presented to the Board of Regents and 
accepted by them, as authorized by a resolution of the board, January 2G, 
1874, the undersigned, members of the executive committee, have exam- 
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ined tbe accouDts of appropriations nad disbursemeiits for the INntional 
Musetiia for the year 1873, aud fiud for each disbiirsemeut a voucher 
approved by the Secretary oJ the Smilbsoninu lostitntioo, and a certifi- 
cate of an authorized agent of the Institntioii appouded, scttiug forth 
that the account is correct, the articles or services charged therein were 
required, aud furnished on account of the objects specified, and that 
tbe same were necessary, and the charges reasonable. 

The undersigned have also examined the journal aud ledger of the 
National Museum, and find the balances remaining, on the Ist of Jan- 
nary, 1S7-1, of the appropriations of Congress for Smithsonian building 
and for preservation of collections in the ffational Museum to corres- 
pond with the certificate of the 2d February, 1874, of the disbursing 
clerk of the Interior Department, viz: Smithsonian bnilding, 1874, 
SO,012.0j, (see page 518, journal A;) preservation of collections, 1374, 
$7,500, (see page 55, journal A ;) total balance, 816,512.05. 

The other member of the committee (Dr. Maclean) was obliged to 
leave the city previous to this examination. 

Itesi»eetfnlly submitted. 

PETER PARKER, 
"W. T. SHERMAN, 
Ejcecutive Committee. 

WASniNGTOW, February 5, 1874. 
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THE BO^RD OF REGENTS 



SMITHSONIAN INSTITUTION.' 



WASniKGTON, December 19, 1873. 

A Bpecial meeting of tbe Board of Be^nts was held »t 7 p. m. at the 
institmion, Freseot, Mr. Justice Nathan CliSbrd, acting Chief Justice 
of the United States, Hon. H. Ilanilin, lion. J. A. Garfield, Hon. L. P. 
Poland, Hon. Peter Parker, General Sherman, and the Secretary, Pro- 
fessor Henry. 

The Secretary stated that the meeting had been called for the pur- 
pose of electing a chancellor in place of Chief Justice Chase, who had 
deceased, and that this was a case of emergency, as the semi-annnal 
interest, due OD the first of next month, necessary to carry on the opera- 
tions of tbe Institution, could only be drawn according to law ou the 
reqaisitioQ of the chancellor and secretary of the Institution. 

On motion of General Garheld, ^Ir. Justice Nathan Clifford was 
elected chancellor. 

Tbe Secretary announced that since the last meeting of the board 
two of its most prominent and valuable members had deceased, Chief 
Justice Chase and Professor Agassiz. 

On motion of BIr. Hamlin, a committee was appointed to prepare reso- 
lations expressing tbe sentiments of tbe board in regard to the death 
of Mr. Chase and Professor Agassiz. 

The clmncellor appointed Messrs. Hamlin, Sherman, Parker, and 
tbe Secretary as the committee. 

General Garfield made the following remarks: 

Mr. Chancellor : I rise to second tbe motion for tbe appointment 
of a committee to draught resolutions in reference to the death of oar 
distingiiisbed brother regents Chief Justice Chase and Professor 
Agassiz. 

Sever before in a single year has the Board of Itcgonts suffered so 
severe a loss. It would be difficult to find, in any organization, two 
men wore eminent, and representing a wider range of culture, than the 
two regents who have fallen since the last meeting of this board. 

* CoDtioued from page >iCi, Report for 1673. 
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This is not the occasion to speak at lengtb on tbe sabject ; bat as my 
term of service will expire before the next meeting, I ask the indulgence 
of the board while I refer briefly to some of the marked characteristics 
of our late distingaished associates. 

Few Americans have filled so Diany high places of trust and honor as 
Salmon P. Chase ; and few bare bronght to the discharge of the duties 
of their high station such masterly ability and such rare and varied 
accomplishments. His career adds another to the many illustrations of 
tbe troth, that he who loses bis life for the truth's sake shall find it. 

In his early manhood, following his own conviction of duty, he com- 
mitted himself, without reserve, to a canse which seemed, at the time, to 
shut him ont frotn all hope of public preferment. He stood by his con- 
victions, and lived, not only to see his doctrines prevail, but to be one 
of tbe honored leaders in the cause he had espoused. 

Whether at the bar, in the practice of hia profession ; in the executive 
chair of his own State ; in the National Senate ; as the great flnauce 
tuiDister of the republic in the stormy days of war ; or as Chief-Justic& 
of tbe (Juited States, there ran through his whole life a depth of con- 
viction, a clearness of comprehension, and a force of utterance that made 
his power felt, and marked him as a man who filled and overfilled, hon- 
ored and adorned, the great stations to which he was called. If, in the 
coarse of bis high career, he felt the promptings of that ambition which 
has been called " the last infirmity of noble minds," it must be acknowl- 
edged that ho aspired to no place beyond his capacity to honor. 

Throughout his long.and honored life the cares and demands of pub- 
lic place did not diminish his ardent love for the pursuits of science 
. and the keen enjoyment of literature and art. The great masters of 
song were his daily companions. I was his guest for many weeks, dur- 
ing the stormy and troablous winter of 1802- '03, when to the deep anxie- 
ties of the war were added the gravest financial problems that have 
ever confronted an American Secretary of the Treasury. And many a 
time, at the close of a weary day of anxious care and exhausting labor, I 
liave seen him lay aside the heavy load, and, in the quiet of his study, 
read aloud, or repeat &om memory, the rich verse of Tennyson, or of 
some other great master of song. 

It was this life of art and sentiment, within the stormy life of public 
duty, that fed and refreshed bis spirit, and kept bis heart young, while 
his outer life grew venerable with years and honors. 

As the Chancellor of this Instifntion, we saw in happy and hannoni- 
oas action his ample knowledge of our institutions, his wide experience 
of finance, his reverential love for science and art, and his unshakeu 
faitb in the future of his coimtry as the grand theater for the highest 
development of all that is best and greatest in human nature, l^o con- 
tribntion to science oQiered to this boanl escajwd his attention. Noth- 
ing that was high or worthy in human pnrsaits fiiiled to elicit his ap- 
preciative and powerful support. 
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Ill Professor Agassiz wo bavo lost a man of kiodred powers, whose 
life WHS spent iu a diflferent though bnrdly less conspicuous fleld of 
action. 

Few lives were ever so sincerely and entirely devoted to the highest 
and best aima of science. I was led to appreciate this by a remark 
whicb Professor Agnssiz made to mo several years ago, which is, I 
Iwlieve, the key to bis own career, and deserves to be remembered by 
nil who would follow iu his footsteps. His remark was that be bad 
made it the rule of his life to abandon any intellectual pursuit the moment 
it became commercially valuable. 

lie know that others would utilize what he discovered ; that when be 
brought down the great truths of scieucc to the level of commercial 
values, a thousand hands would be ready to take them and make them 
valuable iu the markets of the world. Since then I have thongbt of 
him as one of that small but elect company of men who dwell on the 
upper heights, above the plane of commercial values, and who love and 
seek truth for its own sake. Such men are indeed the prophets, tbe 
priests, the interpreters of nature. Few of their number have learned 
more, at first bands, than Professor Agassiz ; and few, if any, have sub- 
mitted their theories to severer tests. 

It was a great risk for the astronomer to announce that the perturba- 
tions of tbe solar system could only be accounted for by a planet as yet 
unknown, and to predict its size and place in the solar system, tmsting 
to the telescope to confirm or explode his theory. Bui perhaps Profes- 
sor Agassiz took even a greater risk than this. Who does not remem- 
ber the letter he addressed to Professor Peirce, of tbe Coast Sturvey, 
just beforo he set outou the Uassler expedition, predicting in detail 
what evidences of glacial action bo expected to find on the continent of 
South America, and what species of marine animals he expected to dis- 
cover in the deep-sea soundings along that coast? He risked his own 
reputation as a scientific man on the predictions then committed to 
writing. 

What member of this board will forget the lecture he delivered here 
after his return, detaihng the discoveries ho had made, and showing 
how completely his predictions bad been verified t 

While he was tbe prince of scholars, and a recognized teacher of man- 
kind, yet he always preserved that childlike spirit which made him the 
most amiable of men. He studied nature witb a reverence born of bis 
nudoubting faith. Ho believed that the universe was a cosmos, not a 
chaos ; and that throughout all its vast domains there were indubitable 
evidences of creative power and supreme wisdom. 

We have special cause for regret that his early death has deprived 
thirf community and the world of a series of lectures which were to 
have been delivered hero this winter, on subjects of tho deepest interest 
to science. Ilis death will be deplored in whatever quarter of tho globe 
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geoius is admired aud science is cherished. He has left behind him as 
a legacy to mankind a name and a fame which will abide as an everlast- 
ing poaaessiou. 

Tbe Secretary stated that prior to February 32, 18C7, the money re- 
ceived from the United States, as semi-annaal interest on the bequest 
of SmithsitD, was deposited with the bankers Corcoran & Kiggs, and 
snbscquently with ItiggS & Co., but on that date tbe regents bad adopted 
a resolution directing that all money received by tbe Institution " be 
deposited in a national bank, which ia also an authorized Uovemmeut 
depository,'' (Eeport for 1866, page 78.) In accordance with tliis instruc- 
tion and the direction of the chancellor. Chief Justice Chase, the 
income was deposited in the First National Bank of Washington. 
Unfortunately, on the 19th of September, 1873, that bank suspended 
payment, having $8,224.87 to the credit of tbe Institntion. Since that 
time, however, a dividend of 30 per cent. (42,467.46) has been received 
on this balance, leaving $5,757.41 still due the Institution. 

On motion of General Garfield, it was 

Eesolced, That the Secretary of tbe Institution make arrangements, if 
possible, with the Secretary of the Treasury to deposit the income here- 
after received in the United States Treasury, to be drawn oat on checks 
signed by Professor Henry ; aud that if this course could not be adopted, 
that Congress be requested to pass a law to tbis effect 

The board then adjourned tine die. 



Washington, January, 21, 1874. 

Id accordance with a resolution of the Board of Regents of the Smith- 
sonian Institution, fixing the time of tbe beginning of their annual 
meeting on tbe third Wednesday in January of eacli year, the board 
met today at 7 o'cloclt p. m. Present: Mr. Associate Justice Clif- 
ford, cbaucellor, Hon. H. Hamlin, Hon. J. W. Stevenson, Hon. A. A. 
Sargent, Hon. S, S. Uox, Rev. l>r. Maclean, Hon. Peter Parker, Gen- 
eral Sherman, Governor Shepherd, Prof. H. Coppce, and Professor 
Henry, Secretary. 

Tbe minutes of tlie last meeting were read and approved. 

The Secretary announced tbe following appointments as regents : 
By joint resolution of Congress (approved January 19, 1874) I'rof. Asa 
Gray, of Harvard College, Cambridge, Massachusetts, vice Prof. L, 
AgassJz, deceased ; Prof. J. T>. Dana, of Tale College, New Haven, 
Conn., vice Professor Woolsey, declined re-election ; Prof. Henry 
Copp6e, of Lehigb University, Bethlehem, Pa., vice William B. Astor, 
declined re-election; Rev, Dr. John Maclean, of Princeton, N, J., and 
Hon. Peter Parker, of Washington, D. C, re-elected for the term of six 
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By the President of the Senate Hon, A. A. Sargent, of California, 
as regent for the term of bis service as Senator, (1S79,} \lce Mr. 
Trumbull. 

By the Speaker of the House, Hon. S. S. Cox, of New York, re-ai>- 
pointed, and Hon. E. Rockwood Hoar, of Massachasetts, vice Hon. J. 
A. GarQeld, and Hon. O. W. Hazelton, of %Vi8Consin, vice Hon. L. P. 
Poland ; for two years from the fourth Wednesday of December, 1873. 

Mr. Hamlin, from the special committee appointed at the last meet- 
ing, Imported the following resolations : 

Ke«oIvedy That in the death of Chief Justice Chase, the Smithsonian 
Institution has lost a wise counsellor, an efficient tiiend, and a zealous 
advocate of its policy and operations. 

Resolved, Tbatinhia death, the conntry has lost ao elevated statesman, 
a wise, a just, and an upright judge. 

Besotved, That the cause of civil liberty, of pure Christianity, and the 
advance of higher civilization have lost in the death of Chief Justice 
Chase the co-operation of oneof the most prominent andinfluen tial minds 
of the day. 

Ee3oh-e3, That a copy of these Insolations be transmitted to the 
family of the deceased. 

Mr. Hamlin made the following remarks : 

I did not expect to utter a word on this occasion. I have, however, 
at the 'solicitation of the Secretary, been induced to make some brie 
remarks upon the subject of the resolutions reported by the committee. 
I first met Mr. Chase at the time when he entered upon his official 
dnties as a Senator of the United States, and from that time to the 
close of his life I knew him well and intimately. This Institution baa 
lost an earnest, able, and devoted friend, and that we shall miss bim in 
our counsels we well know, much better than the world, for we always 
found him at thepost of duty, uniting with a broad audcapacions intel- 
lect, good, common, practical sense, and always ready to counsel well and 
wisely. We shall miss him here. In the counsels of the nation he did 
bis duty well and nobly. He had what at the time were called his pecu- 
liar opinions, and he iivowed and maintained them at a time when it 
required moral courage to do so ; but, however others disagreed with him, 
none would say that he did uotadvocatehisvicws with courtesy and em- 
inent ability. In the beat of debate he might sometimes make a quick 
retort, but his bearing was always that of a gentleman, and hia position 
that of an elevated statesman. Ontheseoccasionshedid what he believed 
would subserve the best interests of man and elevate bim to a higher and 
nobler civilization. AsanexecutiveofficerduriDgthewar,beadmiuistered 
the Treasury Department with great ability, and bis name and fame will 
be connected with those times in the history of the country. To him, 
more than any other man, are we indebted for the means by which the 
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life of the nation was Bared. I knew less pereoDally of him' id judicial 
life, but I tbink it is koown and well andcratood through all the land 
that he wore the jadicial ermine with honor and antarnisbed ; that be 
commanded the respect due to bia jadicial and legal learning, and that 
his decisions comported well with those of the eminent men who bad 
occapied the same exalted position, and was a worthy sticcessor of those 
■who preceded him. 

On motion of General Sherman, the reeolations were ananimoaaly 
adopted. 

Mr. Hamlin, &t)m the same committee, also reported the following 
resolutions : 

Boohed, That the Board of Begents of the Smithsonian Institution 
record on the minutes of their proceedings their high appreciation of 
the character and labors of their lamented associate, Louis Agasaiz, and 
the expression of their profound sorrow on account of his unexpected 
death, in the full exercise of his power, and amidst bis unparalleled use- 
ful nees. 

Besolved, That Professor Agassis, by the attraction which he exerted 
on all who came ander the magical influence of his genial temperament 
and generous sympathies, nobly advocated the claims of science to high 
popular estimation, private endowments, and liberal pnblio patronage. 

Resolved, That as an instructor in his adopted country, he introduced 
methods of study and directed attention to fields of research in nataral 
bistory far more elevated than those which had been previously in use; 
that as an original investigator he made additions to human knowledge 
whicb do honor to the science of the nineteenth century, and associate 
his name with those of the prominent benefactors of his race. 

Begolced, That in the death of Professor Agassiz, the Smithsonian 
Institution has lost a wise adviser in its scientific operations, a power- 
ful supporter of its policy in regard to original research, and an influ- 
ential friend, ready at all times to advocate its claims on Congress for 
the independent support of a national museum. 

Eetolred, That the Board of Begents deeply sympathize with the 
family of the ileceased, oo account of their sad bereavement, and that a 
copy of these resolutions be transmitted to them. 

Dr. Parker spoke as follows : 

Mr. Chancellob : It may seem presumptuous in me to rise to move 
the adoption of the resolutions submitted. 

To calculate the distance and magnitude of the snn, requires aa as- 
tronomer, and to analyze its chemical properties is the province of the 
spectroscopist, but maltitades who are neither astronomers nor spectro- 
Gcopists caiT delight in the revelations whicb are made in regard to 
that luminary. 

I am not a scientist ; still, I can appreciate, in some degree, the labors 
of one who shone a ttar of the first magnitude in the firmament of science I 
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It is sixteen years 8inc«I first met Professor Agasaiz, whose deatU tbe 
Board of fiogeuts so deeply lament. It was at commencement at Har- 
vard UniTersity, in 185S, tbe first year after my return from a long 
resideuce in Ubioa. The Emperor Napoleon bad made tempting offers 
in tbe way of bigh position to Professor Agassiz to go to Paris. In 
tense solicitude on tbe part of bis friends in Cambridge and tbe conn- 
try generally, was felt as to bis decision. It was on this occasion tbat 
tlicir auxions suspense was relieved, as Professor Agassiz, after dinner, 
' rose and announced bis determination benceforth to be an American 
citizen. Tbis declaration was received witli most entbusiastic demon- 
strations of rejoicing. 

I am bappy tbe resolutions now submitted recognize bis adopted citi- 
zenship. Auincident that has come to my knowledge within tbelast hoar 
bas given me great pleasure, as illastratiug tbe patriotism of the man. A 
mutual friend said, " Profesisor Agassiz, it fills me with gratitude 
every time I think of your declining the very flattering proposition tbat 
was made to you flrom the court of France." To wbicb bo replied : " Te.s, 
and do you know that proposition was renewed to me after tbe war be- 
gan, and I replied with more earnestness than before, if I loved my adopted 
country too much to leave it when all was peace, I certainly shall not 
leave it now, when a shadow has come over its prospects." 

In the resolutions adopted by different scientific and Hterary instita- 
tions throughout the country, much prominence is given, and rightly, 
too, to the irreparable loss sustained by the decease of this pro-eminent 
man of science. 

While we sympathize most fully with that sentiment, there is another 
consideration that should not be overlooked. I refer to the kind Provi- 
dence that has given to the worid such a man, preserved his life to ma- 
ture years, and enabled him to accomplish so much as he has done for 
tbe science, not only of the day and of tbis country, but of the age and 
world. 

To Louis Agassiz belongs the distinction of having awakened, in a 
remarkable degree, a spirit of scientific inquirj', and of having discovered 
changes our planet bas undergone, through tbe influence of laws be 
was the first to demonstrate, arriving at such a knowledge of their 
operations that it may be truly said of him tbat the remote consequences 
of these laws, first predicted by kU theory^ were, in repeated instances, 
most signally verified upon two continents tyy his observations. 

In the ciicum stances of bis departure from this life, there were pecu- 
liar meroies that call for grateful recognition. Fears were at one time 
entertained, and not without cause, lest he might linger through years 
of suffering, deprived of reason ; but he and his loving family have been 
spared tbat affliction, and he has been, as it were, translated, to resume, 
or rather to continue, on a higher plane, his advance in tbe kiiowledge of 
tbe works of the Creator, with devout and endlessly increasing adora- 
tion of their Divine Anthor. 

tbe resolutions were unanimoi j _„«..— 
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The Secretary presented a general statement of the coadition of tne 
liind, and the receipts and expenditores for the jear 18T3, which was 
referred to the executive committee. 

The Secretary called attention t« the liberality of Mr. George W.Riggs, 
the banker, who, after the suspension of the First IN'ational Bank, in Sep- 
tember last, had advanced the funds necessary to carry on the operations 
of the Institution, amounting to upward of 910,000, on which he bad 
declined to charge any interest. 

On motion of Mr. Hamlin, it was 

B^olvcd. Tbatthecordialtbauksoftbe Board of Regents be tendered 
to Mr. liiggs, for bis generosity in his fiuaii^al services to the Institu- 
tion. 1 

The Secretary stated that, in ac^rdance with the resolution of the 
Board, he had applied to the Treasury Department to take charge of 
the Smithsonian funds for current operations, and that arrangements 
had t>een ma<le with General Spinner, United States Treasurer, to re- 
ceive deposits from the Institution, and make payments on checks of 
the Secretary, in tbe same manner as had been done in the First National 
Bank. 

The Institution is indebted to General Spinner for nis prompt acqui- 
escence in the proposition, and his authority for carrying it out in all 
the debiits necessary to facilitate its operation. 

Tbe Secretary gave an acconnt of tbe history and operations of tbe 
Institution, particularly for the information of the new members of the 
board. 

The board adjoomed at 9 p. m., to meet on Monday, 26th January, 
at 7 o'clock p. m. 



Januaey 26, 1S74. 

A meeting of the Board of Regents was held this day at 7 o'clock p. 
m. Present Mr. Justice Clifford, chancellor of tbe Institution, Hon. H. 
Ilamlin, Hon, J. W. Stevenson, Hon. A, A, Sargent, Hon. E. K. Hoar, 
Hon. G. W. Hazeltou, Hen. P. Parker and the Secretary, Professor 
Henry. 

Tbe minutes of tbe last meeting wore approved. 

Dr. Parker presented tbe annnal report of tbe executive committee, 
which was read and, on motion of Mr. Stevenson, adopted. 

Tbe Secretary called attention to the bequest of James Hamilton, 
and presented the following letter from one of the executors: 

Carlisle, Pa., January 23, 1874. 

Deae Sib : -Yours of 20tb instant received and contents noted. 
The executors will bo ready to pay over the legacy (bequeathed by Mr. 
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Hamilton) to the Smithsonian iDatitution ahout the first we«k in Feb- 
ruary. Please inform us who is authorized by the Board of Eegents of 
the Smithsouiau Institution to receive the legacy and release the exe- 
cutors, and we will send the release next week to you to be executed by 
the proper ofScers of said board, and one of the executors or a repre- 
sentative will be in Washington in the early part of nest month to pay 
over the money and get the release. 
Yours, respectfully, 

. JOSEPH A. STDAET, 

One of the executors of Jas. Samilton, deceased. 
Prof. Joseph Heney. 

K B. — Below yon will notice a copy of the section of the will contain- 
ing said legacy to the Institution. 

Section 8. " I giveone thousand dollars to the Board of Regents of the 
Smithsonian Institution, located at Washington, D. C, to be invested- 
by said regents in some safe fuDd, and the interest to be appropriated 
biennially by the secretaries, either in money or a medal, for such con- 
tribution, paper, or lecture, on any scientific or nseful subject, as said 
secretaries may approve." 

On motion of Mr. Hamlin, it was 

Resolved, That the bequest of the late James Hamilton, of Carlisle, 
Pa., be accept«d ; that the chancellor and Secretary of the Institution 
be authorized to receipt for the money and that it be deposited with the 
Secretary of the Treasury, on the same terms as the original bequest 
of Smithson, in accordance with the act of Congress approved Sth Feb- 
ruary, 1867." 

The Secretary gave an account of the correspondence of the Instita- 
tioo and spoke of the immense mental activity which existe<l iu this 
country in regard to scientific specnlations. In connection with these 
remarks he laid before the Board, at the request of the author, a series 
of manuscripts entitled " Disclosures in Science, etc," by Iloury Kor- 
uer, of Powhatan, Ohio, which had been urged upon the Institution for 
publication. In these manuscripts the author states that he has dem- 
onstrated the insuflleiency of the theory of gravitation, as proiwunded 
by ITewton, to explain the mechanical phenomena of astronomy, and 
also the inadequacy of the received principles of molecular action to 
account for the phenomena of physics and chemistry, and that he has 
himself discovered principles to which all these may be referred. 

The Secretary stated that after examining these manuscripts be had 
informed the author that they could not be published by the Institution, 
since nothing could be accepted for that pnrpose unless it had previ- 
ously been submitted to a commission for critical examination, and a 
favorable report had been obtained ; that these speculations were 
*8tatnes at Large, vol. 14, page 391. 
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eitber so far in advance of the received Bcientifio principles of tfae day 
or so far behind them that the two were ont of all harmony with each 
other ; that it woold be impossible to obtain a favorable report in regard 
to them from any commission cimposed of men of scientific reputation ; 
that be would, however, suggest that the manscripts be deposited in 
the archives of the Institntion, free of access to any who might wish 
to oouBult them with the proviso that do extracts be taken from them 
withoat full credit being given to the name of the author. This sng- 
gestioD was favorably received by the aatbor. 

Od motion of Mr. Stevenson, it was 

Seiolved, That the action of the Secretary in relation to the Komer 
manascripts be approved. 

The Secretary stated that, in accordance with the policy of the Insti- 
tution to enter into harmonious relations with other establishments in 
this city, as had already been done by dex>ositing the plants and insects 
in the Department of Agricuttare, the skulls in the Army Medical Mu- 
seum, &c., he desired to enterintofriendlyrelatious with theCorcoran 
Art-Gallery, of which he had recently been elected a trnstee. He 
thought that, inasmach as this gallery had been opened to the public, 
and had been established with a permanent endowment, larger even than 
that of the Smithsonian Institution, it was proper that some of the ar- 
ticles of art now in the buildiug should be deposited in theCorcoran 
Gallery, subject, of course, to the order of the regents. 

On motion of Mr. Hamlin, it was 

Semlccd, That the Secretary be anthorized to deposit in the Corcoran 
Art-Gallery, to be reclaimed at any time, such works of ^rt belonging to 
the Institution as may be approved by the executive committee. 

The Secretary presented bis annual report of the operations of the In- 
stitution for the year 1873, which was read; and 

On motion of Mr. Hazelton, 

Besohcd, That the report of the Secretary be accepted and transmit- 
ted to Congress as usnal. 

Tbe Secretary stated that daring the past year Mr. P. T. Barnum bad 
presented the National Mnsenm with tbe following valuable specimens 
of natural history, viz : A Malayan tapir, a Bactrian camel, a dromedary, 
an African pauther, a Florida manatee, an Indian rhinoceros, a man* 
drill, and others, furnishing the means of preparing both their skeletons 
and mounted skins. He bad also promised to give tlie Institution tbe 
bodies of all tbe animals that die in his menagerie. 

On motion of Dr. Parker, it was 

Beaolted, That tbe thanks of the Board of Regents be tendered to P. 
T. Barnum, esquire, for his liberal donation of tbe bodies of animals to 
tbe National Museum, which form a very important addition to the col- 
lection of specimens necessary to Ulostrate tbe science of zoology- 

I C^nOOglO 
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Dr. Parker stated that prior t» 1873 all accounts for the mueeum had 
beeD paid ia the first inslauce tiy the Institution and aadit«d with the 
Smithsouian vouchers by the executive committee. Last year, however, 
an arraogement hod been made by which hills for the National Museum, 
after api»roral hy Professor Heury, were preseated to the disbursing 
agent of the Department of the Interior, who paid the parties directly. 
The accounts were audited hy the disbursing officer of the Interior De- 
partment, and afterward by the Treasury Department. Inasmuch aa 
the regents of the Institution, however, are resitonsihle for all expend- 
itares connected with its operations, he would ask the opinion of the 
board as to the propriety of esaniining all the vouchers for payments 
made for the National Aluseum from the Government appropriations. 
Professor Henry had retained a duplicate set of vouchers for these pay- 
ments, and had the books carefully kept, and had offered them to the 
committee for examination. 

On motion of Mr. Hoar, it was 

Resolved, That the board approve of the examination hy the execn- 
tive committee of the vouchers for the expenditures of the National 
Museum, as requested by the committee and desired by the Secretary. 

The Secretary stated that the system of iaternalional literary and sci- 
entific exchanges had now become so extensive that he feared the cost 
would be too great for the means of the lustitutiou, and it had been 
suggested that the larger societies aud establishments which received 
so much benefit from the system might contribute something auunally 
for its support. Aiter some discussion. 

On motion of Mr. Hamlio, it was 

Resolved, That the Secretary be authorized to receive aid from socie- 
ties aud individuals in defraying the heavy expense of the exchange 
system. 

The board then adjourned to meet at the call of the Secretary. 



Apeil 27, 1874. 

A meeting of Board of Eegenta was held at 10 o'clock a. m. 

Present : The Chief Justice of the United States, Hon. M. R. Waite, 
Hon. Peter Parker, Hon. B. E. Hoar, Hon. G. W. Hazelton, Professor 
Asa Gray, and the Secretary, Professor Henry. 

The minutes of the last meeting were read and approved. 

The Secretary stated that the object of the meeting was the election 
of a chancellor. 

On motion of Mr. Hoar, Chief Justice Waite was unanimoosly elected 
chancellor. 

Dr. Parker, from the executive committee, presented a report on the 
examination of the accounts of the Natibnal Museum for 1873, and a 
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statemeut relative to the acconnts of the Institation aod of the National 
MoseoiD for the first quarter of 1874 ; \rhich were accepted. 

The Secretary stated that, on the 24th of February, 1874, Mr. Joseph 
A. Stoart, one of the executors of the estate of the late James Hamil- 
ton, of Carlisle, Pennsylvania, had paid the legacy of said Hamilton, 
viz, one thousand dollars, into the Treasury of the United States, in ac- 
cordance with the resolatioa of the Board of Regents adopted January 
36, 1874'. 

The following is a copy of the receipt: 

2to. 10,564.] Tbeasttbt of the United States, 

Washington, D. C, February 24, 1874. 

I certify that Prof. Joseph Henry, Secretary of the Smithsonian In- 
stitution, has this day deposited to the credit of the United States one 
thonaand dollars, on account of amount received by bequest of the late 
James Hamilton, of Carlisle, Pennsylvania, accepted by the Board of 
liegenta by resolution of January 26, 1874, providing that the amonnt 
be deiy)Bited with the Secretary of the Treasury on same terms as the 
original bequest of Smitbson, in accordance with act of February 8, 
1867,* for which I hare signed duplicate receipts. * 

•1,000. L. E. TUTTLB. 

Assistant Treasurer United Slates. 

The Secretary gave an account of the operations of the Institation ; 
and after tuspectiog the building, the board adjourned sine die. 

' 8tatDt«8 at Large, vol. 14, page 39t. 
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GENERAL APPENDIX 



SMITHSONIAN REPORT FOR 1873. 



Tlie object of this appenilis ia to illastrate the opcnttiouB of the InsCitatioD by 
TFiHirts of lectares and extrocls from correapoDClence, as trell as to fumish iDforuation 
or a character suited eBpccially to the meleorologiaal observers and other persona 
interested in the promotion of knowledge. 

IL S 
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CHAEIES BABBAGE. 



I [Compiled for the SMrrasoNiAN Institutiok.] 



Oharles Babba^, apon being urged to write his own biogrftpbj, re- 
plied tbat lie had no desire to do it while he had strength and means to 
do better work. Some men, he said, write their lives to save them- 
selves from ennui, careless of the amount they indict on tbeir readeiB; 
others, lest some kind surviving friend in showing off his own talent ia 
writing personal history might show up theirs ; and others still from 
fear that the vampires of Ut«ratHre might make tbem a prey. He be- 
longed to no one of these classes. What a mau bad done for others, not 
what he might say about himself, formed bis best life. And so to many 
who asked him to prepare an autobiography be sent a list of his works, 
" which," he naively adds, " no one eared to insert." Still, few persons 
who have made a name while living are insensible to posthamous fame, 
and Babbage was among the number. While professing to treat these 
appUcations lightly, he uevertbeless set about placing on record an ac- 
count of himself, and though he rejects the name of autobiography, he 
has left behind him, Id a work which be entitles " Passages from the 
Life of a Philosopher," a memoir which in variety of detail and clear- 
ness of description, liveliness of style and sententious remark, is almost 
without its parallel. Without being confined to this witty and erratic 
narrative, and puttiug the estimate of the thinking men of the age 
rather than his own upon what he was and what he did, this notite 
will aim to do justice to certainly not the least remarkable man of this 
oiueteeuth century. 

Of the mere personal history of this eminent philosopher and sci- 
entific mechanist little need be recorded. He was born of gentle blood 
and moderate competence on December 26, 1702. From earliest years 
he showed great desire to inquire into the causes of thiugs that 
astonish childish minds. He eviscerated toys to ascertain their man- 
ner of working; he sought to prove the reality of the devil by draw- 
ing with his blood a circle on the floor and repeating the Lord's 
prayer backward; he dissipated toothaches by reading Don Quixote; 
be bargained with another boy that whoever died first should appear 
to the survivor, and spent a night of sleeplessness when the first event 
of the compact occurred, awaiting in vain his comrade's appearance. 
In college he was perpetually puzzling his tutbrs by abstruse questions. 
When the circulation of the Bible with or without comment became a 
tierce controverHy at Cambridge, he formed, with Herscbel, Maole, 
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D'Arblay, aod otbers, ao analytical society for tlie trnnslation of La- 
croix's Differential aud Integral Calcaliis, maintaiuiDg ^tbat tbe work 
needed no comment) that the "d's" of Leibnitz were perfect, and con- 
signing to i>erdition all who supirarted the heresy of Newton's "dots." 
It being hinted that the society was infidel, the yonng student replied, 
"K^ol We advocate the principles of pure 'D'-ism in oppositiou to the 
' Dot '-age of the aniversity." He studied the game of chess and beat 
every expert that was hronght against him ; formed a ghost club to col- 
lect all reliable evidence of tbe supernatural ; joined high players at 
whist in order to show them that, staking only shillings, be could win at 
gninea-poiuts ; embarked in boating not more from the manual labor 
than from the intellectual art of sailing; and by making a collection of 
examples of mathematical problems, in which the notation of Leibnitz 
was employed, he made it for the interest of tutors of the colleges to 
abandon the symbols of N'ewton. 

During Babbage's college life the coorse of his studies led him into a 
critical examination of tbe logarithmic tables then in use. The value 
of tliese tables had long been recognized in every part of the civilized 
world. Large sums of money were expended in their preparation, and 
the greatest care produced only proximate accuracy in the calculations. 
The young mathematician set himself to consider whether, in the con- 
struction of these tables, in place of the perturbable processes of the 
intellect, it were not possible to substitute tbe unerring movements of 
mechanism. Tbe thonght was perpetually recurring during the latt«r 
portion of his college course. He gave up his leisure time to experi- 
ments having tJiis end in view — discussed tbe subject with Herscbel, 
Byaii, Maule, and others of his class who were interested in philsopbical 
mechanism, and was no sooner graduated than be visited the various 
centers of machine labor in.£nglaad and on tbe continent, that he might 
become familiar with tbe combinations in use and stady their functions. 
Betuming home, he began to sketch arrangements for a machine 
by which all mathematical tables might be computed by one unifbrm 
process. 

Tbe idea of a calculating machine did not originate with yonng 
Babbage. Pascal, nearly two hundred years before, had constructed, 
wbeninhi8nineteenthyear,an ingenious machine for making arithmetical 
calculations, which excited admiration. In his Pent4es, alluding to 
this engine, be remarks: "Xa machine arithmitique fait des effets qui ap- 
prochent plue de la peia4e que tout ce que font les animaux; maia eUe ne 
fait Wen qui putssef aire direqu'elle adeUt volont4commtles animaux P Sub- 
sequently, Leibnitz invented a machine by which arithmetical computa- 
tions could be made. Polenas, a learned and ingenious Italian, put to- 
gether wheels by which multiplication was performed; and in tbe vari- 
ous industrial exhibitions since 1851, contrivances for performing cer- 
tain aritJimetical processes have been exhibited. Tbe principle nimn 
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wbioh Babbage'B eDgiiiea hnve beea coDstrDcted, bowever, is entirely 
new, and intended to do work of a much more important character. 

On the let of April, 1823, a letter was received from the treasnry by 
tbe president of the Boyal Society, requesting him to ash tbe conncil 
to take into consideration a plan which had been submitted to gov- 
ernment by Mr, Babbage for applying machinery to the pnrposes-of 
calculating and printing mathematical tables, and desiring to be favored 
with its opinion on tbe merits and utility of the invention. This is the 
earliest allusion to the calculating machine on the records of the Boyal 
Society. The invention, however, had been brought before the mem- 
bers in the previous year by a letter from Mr. Babbage to Sir Hum- 
phry Davy. In that be had given an account of a small model of bis 
engine for calculating differences, which produced Sgnres at the rate of 
44 a minute, and performed with rapidity and precision all those calcu- 
lations for which it was designed. He had concluded this letter by 
saying, "that though he had arrived at a point where success vas no 
longer doubtful, it could be attained only at a very considerable exitenee, 
which would not probably be replaced by tbe works it might produce 
lor a long period of time ; and which is an undertaking I should feel 
unwilling to commence, as altogether foreign to my habits and pur- 
suits.*^ 

The council of the Boyal Society appointed a committee to take Mr. 
Babbage's plan into consideration. It was composed of the following 
gentlemen : Sir H. Davy, Mr. Brande, Mr. Combe, Mr. Baily, Mr. Brunei, 
Mr. Colby, Mr. Davies Gilbert, Sir John Herschel, Oaptain Eater, Mr. 
Pond, Dr. Wollaston, and Dr. Young. On the Ist of May, 1823, this 
committee reported : *' That it appears Mr. Babbage has displayetl great 
talents and ingenuity in the construction of his machine for compnta- 
tion, which the committee think fully adequate to the attainment of the 
objects proposed by tbe inventor, and that they consider Mr. Babbage 
as highly deserving of public encouragement in the prosecution of his 
arduous undertaking." This report was transmitted to the lords of the 
treasury, by whom it was printed and laid before Parliament. Two 
months after this a letter was sent from the treasury to the Royal Soci- 
ety, informing them that the issue of £1,500 had been directed to Mr. 
Babbage " to enable him to bring bis invention to perfection in the man- 
ner recommended." 

It is not within the purpose of this memoir to describe tbe misunder- 
standing which arose between Mr. Babbage and the British government, 
during the following twenty years, in consequence of this letter, received 
by the Royal Society from the lords of the treasnry. He regarded tbe 
machine he now undertook to build as the property of the government. 
They understood it to be his. He received the first advance of money as au 
earnest that all necessary funds would be liirnished to complete this 
differeuce engine Ko. 1. They seemed to have regarded it in the light of 
a temporary assistance, given to a man of genius for tbe purpose of en- 
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abliog iLim to complete an iurention which woald be of great public 
beoeflt. He commenced the work, giving his own labors grantitonsly, 
according to what be considered to be an onler. Oovernment looked 
on, fOTUisbed further moneys, cunsnlted tbe Boyal Society once and 
again as to the progress of tbe work, but declined committing itself 
fiirtber. Mr. Babbage advanced considerable sums, bnt was not reim- 
bursed; made great improvements npou his original plans, bat was not 
encouraged; carried with him the convictions of the scientific men of 
bis country and continental Europe, bnt wan left behind by the treas- 
ury; and flnaily, when, in the opinion of sucb philosophical mechanists 
as Sir John Herschel, Sir Mark Bmuel, Mr. Pond, the astronomer 
royal, and others, he was on the eve of results far surpassing in impor- 
tance all that had been contemplated, he was informed that "oltimate 
success appeared so problematical and the expense so large and so 
utterly incapable of being calculated, that the government woald not 
be justified in taking upon itself any further liability." 

Thus terminated in 1342 theeugngement which bad existed more than 
a score of years between Charles Babbage and the British government. 
Daring this period of time he had made heavy sacrifices, both t)ecnniaT?' 
aaA personal; had refused highly honorable and profitable sitnations ; 
bad employed in his own house, at his own expense, tbe most intelligent 
and skilled workmen to assist bim in making experiments necessai^* for 
attaining a knowledge of every art which could possibly tend to the 
perfection of his engine; had repeatedly, at his own expense, visited the 
maunfactories of England and tbe continent; had invented incidentally, 
and constructed, mechanical tools and labor-saving machines of great 
public valae, not one of which be protected by letters-patent, and had 
gratuitously given the results of his energetic mind to tbe i>erfect con- 
atructiou of the machines which be regarded as the great purpose of bis 
life. Whether success would have equaled expectation hail bis gov- 
ernment rendered bim the required aid, can never be known. He has 
left behiud bim no thinker or philosophical mechanic capable of oum- 
pleting bis work. 

It was to calcniate and print tables of figures connected with various 
sciences; with almost every department of the useful arts; with com- 
merce, astronomy, navigation, surveying, engineering, and everything 
which depends on mathematical measurements. 

To show the immense im[Kirtance of any method by which these 
numerical tables, absolutely accurate in every individual copy, could be 
produced with facility and cheapness, let the reader revert to what 
Enroiieaa governments have attempted to do in the last hundred years. 
Dodsou's Calculator, published in London in 1747, contained a table of 
multiplication extending to 10 times 1,000. In 1775 this table was e.\- 
tended to 10 limes 10,000. The English board of longitude employed 
Dr. Hntton, in 1781, to calculate numerical tables up to 100 times 1,000: 
and to add to these, tables of the squares of numbers asfar as 25,100; 
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and also tables of cubes of the first tCQ powers of numbers ivacbing to 
100. In 1814, Professor Bnrlow, of Wooln-icb, publisbed in an octavo 
volume tbe squares, cubes, square-roots, cube-roots, and reciprocals of 
all numbers from 1 to 1,000 — a table of the first ten powers from 1 to 
100, and a table of the fourth and fifth powers of all numbers irom 100 
to 1,000. 

To H still greater extent were similar tables prepared on tht^ con- 
tiueut. In France, in the jear 1785, was published an octavo volume 
of the tables of squares, cubes, square-roots, and cube-roots of all nnm- 
bers from 1 to 10,000; and in 1821 from 1,000 times to 100. A larger 
table of squares than at that time existiog was published to Hanover in 
18L0: a larger still in Leipsic iu 1812; a more perfect one at Berlin in 
1825; and a similar table at Ghent iu 1827. 

This class of tables involves only the arithmetical dependence of ab- 
stract numbers upon each other. To express peculiar modes of quantity — 
such as angular, linear, superficial, and solid magnitudes — a larger imm- 
ber of computations are required. Volumes without number of these 
tables also have been computed and published at infinite labor and ex- 
pense. Then come tables of a special nature, of importance not inferior, 
of labor more exacting — tables of interest, discount, aud exchange; 
tables of annuities and life insurance, and tables of rates in gen- 
eral commerce. And then, above all others, tables of astronomy, 
the multiplicity and complexity of which it is impossible to describe, aud 
the importance of vhich, iu the kindred art of navigation, it would be 
difficult to over-estimate. The safety of the tens of thousands of ships 
upou the ocean, tbe accuracy of coast surveys, the exact position of 
light-houses, the track of every shore from headland to headland, the 
latitude and longitude of mid-sea islands, the course and motion of cur- 
rents, direction and speed of winds, bearing and distauce of mountains, 
aud, in short, everything which constitutes the chief element of interna- 
tional commerce in modem times, depends uxmn the fullness aud accu- 
racy of logarithmic tables. 

Inadequate as is the notion of the importance of these tables that has 
been conveyed, still more inadequate must be any notice of their errors. 
The expedients resorted to for even a limited degree of accuracy have 
been almost iunumerable. The first French Republic, as[iiring t{> lead tbe 
nations in science, undertook, through its mathematicians, by a division of 
labor so a<lmirable that it seemed impossible errors should be committed, 
or, if committed, remain undetected, to produce a system of logarithmic 
and trigonometric tables so accurate that it should form a monument of 
the kind more imiKtsiug than had ever been conceived. The attempt 
fitiled, for one singular reason among others, that the computers who 
committed the fewest errors were those who understood nothing beyond 
the process of addition. Df. Larduer discovered in forty tables, taken 
at random, uo lessthau 3,700 errafn. In the Nautical AlmauacMr.Baily 
detected more than 500 errors of calculation. The " tables requisite to 
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be OBed with tbe Nantical Epbemeris for finding latitade and longitude 
at sea," computed, revised, and reievised with the utmost care, under 
direction of the British board of longitade, and published by the govem- 
ment, was found to contain above a thousand errors. The tables of the 
distances of tbe moon from certain fixed stars, pubUshedby the same board, 
is followed by 1,100 eiT(ifa,and these tbemselvescontainedso many errors 
as to make errata npou errata necessary. For tbe special use of the 
national survey of Ireland, the logarithmic tables, mostcareMIy prepared, 
■were found to contain six errors, and these, by comparison, were found to 
exist not only in tables publisheddunng more than two hundred years in 
Paris and Oonda, Avignon and Berlin, Florence and London, but also in a 
set printed in China, in Chinese charact€r8, and purporting to be origin^ 
calculations. In fitct, absolute correctness in logarithmic tables has 
never been attained. Year after year, through eight generatioos of 
mathematiciaus, one set has followed another to correct its predecessor. 
Even the last chums but approximate accuracy. PrecantiODS, compari- 
sons, revisions, and alterations from computers to computers, make ad- 
vances only toward an end that is never absolutely reached. And no 
wonder. We need but to consider the nature of a numerical table, where 
a thousaud pages are covered with figures alone, where neither note nor 
comment, letters of the alphabet, nor rules of syntax, are permitted to 
intmde, to understand that the law of chance is on the side of error, and 
that for one mistake that may happen to be detected a score may escape 
unnoticed. 

Besides the errors incidental to computation, there arethose of tra»a- 
tcribing for the press, and of composition into print. Sot does the liability 
to error stop even here, errors being often produced in tbe process of 
printing. A remarkable instance of this occurs in one of the six errors 
of the Irish Survey Tables, just mentioned. The last five figures of two 
sncceasive nombers of a logarithmic table wero 
35875 
10436 

Both were erroneone. The "8" in tbe upper line shonid be "4," and the- 
"4" in the lower hue should be "8." It is evident that the types, a» 
first composed, were correct — that two of them, "4" and " 8," became 
loose, adhered to the inking ball, and were drawn oat — and that tbe 
pressman in replsciog transposed them. And this iaadvertent error ia 
Blacq's tables of 1628, traveled over three continents, and, with more 
or less of mischief, remained undetected fur two hundred years. 

Numerical correctness in logarithmic tables, is then, and has ever been, 
tbe great desideratum. This Mr. Babbage proposed to attain by ma- 
chiuery; to calculate the tables unerringly, as if by a law of natcre, 
and by the same law to reduce them as unerringly to type. Thus was. 
the single purpose of the difference engine No. 1. 

Tbe difference engine No. 1 was only partially competed. Confided 
to tbe care of King's College, it remained for twenty years in the ma- 
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senm at Somerset Honse. In 1862 it was exhibited at tbe Great Indus- 
trial Exhibition, since whicb time it has l>een stoied at the Sontb Ken- 
sington Mnseam. The finished portion of tbe engine ' showed itselt 
capable of compating any table whose third difference is constant and 
less than 1,000; while at tbe same time it showed the position in tbe 
table of each tabular nnmber. In Mr. Babbage's own words: 

*' Ist. Tbe portion of tbe machine exhibited can calculate any table 
whose third difference is constant and less than 10. 

"2d. It can show how much more rapidly astronomical tables can be 
calcalated in any engine in which there is no constant difference. 

"3d. It can be employed to illustrate those singular laws which might 
continue to be produced through ages, and yet after an enormons inter- 
val of time change Into other different laws; each again to exist for 
ages, and then to be superseded by new laws." 

It will be borne iu mind that all work upon difference engine I^o. 1 was 
stopped in the early part of the year 1833. At the general meetiug of 
the Eoyal Academy at Brussels in May, 1835, a letter received from Mr. 
Babbage was read annonnciug that he had been engaged for six months 
in making drawings of a new calculating machine of far greater power. 
"I am myself astonished," he wrote, "at the power I have been enabled 
to give to this machine: a year ago I should not have believed this result 
possible. The machine is intended to contain a hundred variables, each 
eonsistuig of twenty-five figures; it will reduce to tables almost all 
equations of finite differences; it will calculate a thousand values (ofe.^. 

abc dhj the formula p= "-^^ j print them, and reduce them to zero, 

and will then ring a bell to give notice that a new set of constants 
must be inserted." "When thepe exists," he continues, "a relation 
between any number of successive co-efBcients of a series, provided it 
can be expressed, the machine will calculate them and m^e their 
terms known in succession; and it may afterward he disposed bo as to 
find the value of the series for all the values of the variable." 

This was the first announcement to tbe scientific world of a machine, 
capable of executing not merely arithmetical calculations, but even those 
of analysis when the laws are known. It was, in fact, the analytical 
engine, never destined to be completed by its inventor iu actual fact, 
but so perfect in its drawings, so clear in its descriptions, so certain iu 
its sequences, and so logical iu all its principles, that, to the minds of 
men capable of comprehending the details, it became as certainly the 
realization of a gigantic idea as if it had been doing its work in their 
presence. If it he asked, how such a machine could of Itself, without 
recourse to thought, assume the successive dispositions necessary, Mr. 
Babbage answers that Jacquard solved the problem when he invented 
his loom. 

In the maoafacture of brocade there are two species of threads, the 
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one longitudinal, which is the warp, the other transverae, which is the 
woof. 

Of coarse the analytical eagine conld not originate. It wonld have 
always been the servant — never the master. It could have done what- 
ever its inventor knew how to order it to do. No more. It assisted — 
marreionsly indeed, hut it only assisted — in making the known available. 
It conld ha-va followed analysis, never anticipated It. But had it been con- 
Btmcted, it would have achieved three desiderata of science — economy 
of time, economy of intelligence, rigid accuracy. It would have made ob- 
servations fertile tliat are now barren for lack of compating powers; 
it woold have saved time for contemplation that is now wasted in arid 
calculations by men of genins, and it would have made certain arith- 
metical numbers, withont the aid of which the veil that envelopes tbe 
mysteries of nature can never be raised. 

As illustrative of the estimatepnt npon the operations of the analytical 
machine, it may not be inappropriate to quote here Mr. Babbage's own 
remarks : " An excellent friend of mine," he writes, " tbe late Professor 
MacCnUagh, of Dublin, was discussing with me the various powers of 
the analytical engine. After a long conversation he inquired what the 
machine could do, if, in tbe midst of algebraic operations, it was required 
to perform logarithmic or trigonometric operations. My answer was, that 
-whenever the analytical engine shoold exist, all the developments of 
formnla wonld he directed by this condition, that the machine should. 
be able to compnte their numerical value in the shortest possible time; 
I then added that if this answer was not satisfactory, I bad provided 
meansby which, with equal accuracy, it might compute by logariUimic 
or other tables. 

"I explained that the tables to be used must, of coarse, be computed 
and punched on cards by the machine, in which case they would un- 
doubtedly be correct. I then added, that when the machine wanted a 
tabular number it would ring a bell and then stop itself. On this the 
attendant would look at a certain part of the machine and find that it 
wanted tbe logarithm of a given number, say of 2303 ; the attendant 
would then go to the drawer, take tbe required logarithmic-card, and place 
it on tbe machine. TJjton this the engine would first ascertain whether 
the assistant bad or bad not given it the correct logarithm of the num- 
ber ; if BO, it wonld use it and contiuuo its work. But if the engine 
found the attendant had given it a wrong logarithm, it would tbeuviug 
a louder bell and stop itself. On tbe attendant again examining the en- 
gine, he wonld observe the words, wbokO- tabulab nuhbeb, and then 
discover that he really had given the wrong logarithm, and of course 
would have to replace it by tbe right one." 

As between tbe two engines, the difference and the analytical, their 
powers and principles of construction, thecapabilitiesof tbe latter would 
have been immeasurably the more extensive. They hold to each other. 
In fact, the same relationship that aualysis holds to arithmetic. Tbe dif- 
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ference engine was intended to effect bat one particular series of oper- 
atioDB. It was not the general expression even of one particular fano- 
tioD, inucb less of auj and all possible functions of all degrees of gen- 
erality. Indeed, it could do nothing but add. It certainly performed 
the procesties of subtraction, multiplication, and division ; but then only 
so far as these could be reduced to aseriesofadditioos. The analytical 
macfaiue, on the contrary, would bare been able to add or subtract, mul- 
tiply or divide — it could have done either and all with equal facility — 
and it would have performed these operations directly in each case with- 
out the aid of any of the other three. This fact implies everything. 
The one eogioe merely tabulated but never developed } the other both 
tabulated and developed. 

Mr. Babbaite's third invention, which he named " difference engiDe, 
No. 2," need not be dwelt upon here. It was never built. Its drawings 
even were never quite completed. As an entity it had no existence out 
of his own mind. In laboring to perfect the analytical machine he dis- 
covered the means of simplifying and expediting the mechanical pro- 
cesses of difference engine No. 1. The Earl of Bosse, who was greatly 
interested in the application of mechanism to purposes of calculation, 
and who was well acquainted with the drawings and notations of the 
secoud difference engine so far as made, proposed that Mr. Babbage 
should perfect and give them to the government, upon condition that 
they would undertatce to construct it. To this, with some reluCance, he 
consented. It was then proposed to the Earl of Derby, he being prime 
minister, that the government should apply to the president of the In- 
Btitutiuu of Civil Engineers to ascertain — 

1st. Wbetfaerit was possible from I^Ir. Babbage's drawings and nota- 
tions to make an estimate of the cost of constructing the machine. 

2d. In vase this question was answered in the affirmative, then could 
a mechanicalengineerbefound who would undertake to construct it, 
and at what expense. 

It was explained to Lord Derby that the cessation of work upon the 
first difference engine was owing to no faultof Mr. Babbage; that, being 
new in design and construction, and requiring the utmost mechanical 
skill for its execution, it had necessarily been costly; that the necessity 
of constructing Mid, in many instances, inventing tools and machinery of 
great complexity for forming with requisite precision parts of the appa- 
ratus dissimilar to any used in ordinary mechanical works, had produced 
unavoidable delays, and that the foremost men of practical science all 
over Europe who were acquainted wiUi tlie l^ts, so far from being sur- 
prised at the time and expense that had been required to bring tlie 
engine to its then present state, felt much more disposed to wonder that 
it had been possible to accomplish so much. " If this work," Mr. Bab- 
bage wrote to the minister, " upon which I have bestowed so much time 
and thought were a mere triumph over mechanical difQculties, or simply 
curious, or if the execution of such engines were of doubtful practica- 
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bility or utility, some justification might be foimd for the coarse which 
has been taken ; but I venture to assert that no mathematician who has 
a reputatioQ to lose will ever publicly express an opinion that such n 
machine would be useless if made, and that no man distinguished as a 
civil engiueer will venture to declare the coostmction of sudi machinery 
impracticable." 

It seemed now (1853) as if there were a probability that government 
would order a resumption of the work. The Earl of Derby was a man 
of large gifts and extended views, and his chancellor of the exchequer, 
liimself tbe son of a philosopher, was known as widely almost by bis 
philosophic sentiments as by hia great powers of debate. The country 
WU8 at peace. Tbe first exhibition of the whole world's iudustry had by 
its marv'elons success the previous year given a new impulse to tbe arts. 
Politics, indeed, ran high, but in every other aspect there was encourage- 
ment. The Royal Society ; the Society of Civil Bogineers ; the Boyal 
Academy of Sciences, at Brussels ; the principal phUosopbical mechan- 
ists of tbe three kiugdoms, led by the Earl of Rosse and Sir Benjamin 
Hawes ; the astronomical observers folloiriug in the bold path opened 
by Sir John Herscbel ; and Prince Albert, the most accomplished, as be 
was the most judicious, of thinking men ; together with Plana, Menabria, 
MacCullagb, Mosotti, Plantamour, Dr. Larduer, and Lady Lovelace — 
this last an example, almost equal to that of Mrs. Somerville, of the 
|H>wcr sometimes possessed by the female mind iu dealing with abstract 
truths — all gave the weight of their opinion iu favor of tbe difference 
engine, when completed, as fiiUy adequate to the attainment of the 
objects proiJosed by the inventor. " No enterprise,"' said the president 
of the Boyal Society, when reciting the history of the engine at their 
auuiversary in 1854— "do enterprise could have had its beginuiug under 
more auspicious circumstances. Tbe government bad taken tbe initia- 
tive ; they had called for advice, and the adviser was the highest scien- 
tific authority in this country — ^your council guided by such men as 
Derby, Wollaston, and Herschel By your council the undertaking was 
inaugurated ; by yonr council it was watched over in its progress. That 
the first great effort to employ the powers of calculating mechanism, in 
aid of the hnmao intellect should have been suffered in this great 
country to expire fruitless because there was no tangible evidence of 
immediate profit, as a British subject I deeply regret, and as a fellow 
my regret is accompanied with feelings of bitter disappointment. Where 
a question has once been disposed of, succeeding governments rarely 
re-open it; still, I thought I should not be doing my duty if I did not 
take some opportunity of bringing the facts once more before govern- 
meat." 

This was accordingly done. It was shown that mccbanical engineer* 
ing, tools, trained workmen, tbe founder's art, and screw-cutting ma- 
chines, had made such progress during tbe years the difference-engine 
bad been laid aside that it was probable persons could be found willing 
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to complete it for a speciflu aam. Never had a miDistry a nobler oppor- 
tunity to illustrate its history by the eDcouragement of science. It was, 
however, all in vain. Art was weighed against gold, and the former, 
toQcbed the beam. The chancellor of the exobequer, to whom Lord 
Derby referred the question, pronounced the project as — 

"1. Indefinitely expensive. 

"2. The ultimate success problematical. 

"3. The expenditure utterly incapable of being calculated." 

"This Herostratus of science," Mr. Babbage characteristically remarks, 
"if he escape oblivion, will be linked with the destroyer of the Ephesiau 
Temple." 

It wonld be nnjnst to the memory of the great philosophical mechanist 
were no reference made to the incidental invention of a mechanical 
notation which Mr. Babbage explained in a paper read before the Boyal 
Society in 1826. Dr. Lardner entitled it a discovery of " the utmost 
practical value," and it has long been adopted as a topic of lectures in 
institutions all over Europe for the instrnction of civil engineers. It 
came up in this wise: Memory has its limit. There cannot be borne 
in mind a great variety of motions propagated simultaneously throngh 
complicated trains of mechanism. Incompatible motions will encoun- 
ter each other. The memory can neither guard against nor correct tbem. 
Some expedient which at a glance could exhibit what every moving 
piece in the machinery was doing at each instant was needed. Ke- 
cesaity, the mother of invention, suggested to Mr. Babbage a system 
of signs, by which the mechanist, simply moving his finger along a cer- 
tain line, could follow out the motion of every piece from effect to cause 
antil be arrived at the prime mover. The same sign which indicated 
the source of motion indicated also its apecieg. It also divided time 
into parts, showing what was being done by a maehine at any moment. 
By this means the contriver understood the situation itutanter, saw as 
if by intuition the fault, and discovered tbe niche in which to place the 
movement required. It also enabled the inventor to dismiss from bis 
mind the arrangement of tbe mechanism. Like algebr^o signs, it re- 
duced wheels and valves, rods and levers, to an equation. In fact, 
what algebra is to arithmetic Mr. Babbage's notation was to mechanism. 

During tbe constmction of some parts of the calculating machinery 
a question arose as to the best method of producing and arranging a 
certain series of motions necessary to calculate and print a number. 
Mr. Babbage, with bis assistant, an eminent practical engineer, had 
so arranged these motions that they might be performed by twelve revo- 
lutions of the principal axis. It was desirable there should be less. To 
this end each put himself to work, the engineer to a study of the com- 
plicated working machinery, the inventor to a consideration of his 
notation symbols. After a short time, by some transposition of these, 
the latter succeeded in producing the series by dght turns of the axis. 
Poshing his inquiries still further, he proceeded to ascertain whether 
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bio Bcbeme of symbols did not admit of a still more compact arrange- 
nieDt, and wbether oigbl revolutioua were not needless waste of power. 
Tbe qnestion was exceediugly abstrase. Fiudiug every effort to keep 
ID mind tbe order aud arraiigement of wbeels and pulleys, levers and 
sbafta, claws nud bolts, so as to suggest any improved arrangement, tbe 
engineer completely broke down. Mr. Babbage, bowever, witb scarcely 
any mental exertion, and merely by sliding a bit of ruled pasteboard 
npfiud down bis plan in searcb of vacant places, contrived at lengtb to 
reduce tbe eiglit motions to six, to five, and to three. Tbis application 
of an almost metapbysical system of abstract signs, by wbich tbe mo- 
tion of tbe band alternately performs tbe ofBee of tbe mind and practi- 
cal mecbanics, to the coustruction of a complicated engine, is regarded 
by many eminent engineers as tbe most wonderful and useful discovery 
tbe great inventor ever made. 

Although DO one of tbe principal inventions of tbe philosophic mech- 
anist baa ever been completed, and though his marvelonnly compre- 
hensive thoughts of what machinery, worliiug on the bonier laud of 
intellect, might be made to accomplish would seem to have passed from 
the world without good, yet his work was not in vain. Hundreds of 
mechanical appbances in tbe factories and workshops of Europe and 
America, scores of ingenious expedients in mining and architecture, 
tbe construction of bridges aud boring of tunnels, and a world of tools 
by which labor is benefited and the arts improved — all the overfiowings 
of a mind so rich that its very waste became valuable to orilize — came 
from Charles Babbage. He more, perhaps, than any man wlio ever 
lived, narrowed tbe chasm that from earUeat ages has. separated science 
and practical mechanics. 

Tbis memoir has tbua tax treated its subject as a mathematician and 
philosophical mechanist. He was both, in a degree that made bis name 
&moos. Bat he was more than this. As a scientific man, keeping him- 
self abreast witb the progress of modem discovery j as a man of intel- 
lect, accepting, analyzing, aud snggesting thought that is emuicipating 
miud £rom old traditions ; and as a man of bis time, tbe associate for 
more than half a century of statesmen and poets, chemists, aud geogra- 
phers, engineers, and philologists, be is worthy of notice. U|>od what- 
ever he spoke or wrote he was always perspicnons. Language was to 
him pre-eminently tbe embodiment of ideas. Iiogical sequence was 
tbe one essential element of bis train of thinking. His estimate of men 
was formed less from wbat they were than from what they did. He 
was neither tuft-hunter nor cynic. Faults bis character possessed, 
grievous and ridiculous, perchance, when viewed in certain Ughts, but 
they were never inconsistent witb his indeitendent manliness, nor de- 
rogatory to bis elevated philosophy. Uc knew his own worth ; asserted 
his rigbtful claims; kept au uuquailing aspect in bis long single-band 
fight in liebalf of bis iuveutions witb purblind rulers ; victorious never, 
but never vanquished; beroic in most that be said and all tiiat be did} 
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above ordinal statnre; and, saving perhaps the acceptance of cert£UB 
roles of obedience to law, without which no one can wisely govern him- 
self, played a part in the drama of life that will not be soon forgotten. 

It is proposed now to speak of Charles Babbage in the two characters 
of an observer of kia time and as a contributor to knowledge. In each, as 
the most certain way t« reach the end in view, we shall gnote without 
- restriction or further acknowledgment from his own writings : 

" My engine," he said to some scientific friends after a friendly break- 
fast, " will count the natural nnmbers as far as the millionth term. It 
will then commence a new series, following a different law. This it sud- 
denly abandons and calculates another series by another law. This 
again is followed by another, and still another. It may go on through- 
oat all time. Ad observer, seeing a new law coming at certain periods, 
and going ont at others, might find in the mechanism a parallel to the 
laws of life. That all men die is the result of a vast induction of in- 
stances. That one or more men at given times shall be restored to life, 
may be as much a consequence of the law of existence appointed for 
man at his creation, as the appearance and re-appearance of the isolated 
cases of apparent exception in the arithmetical machine. Miracles, 
therefore, may not be the breach of established laws, but the very 
circumstances that indicate the existence of higher laws, which, at 
appointed times produce the preintended results. 

" For example, the analytical engine might be so set that at definite 
periods, known only to its maker, a certain lever might become movable 
during the calculations then making. The consequence of moving it 
might be to cause the then existing law to be violated for one or more 
times, after which the original law would resume its reign. Of course, 
the maker of the calculating engine might confide this fact to the person 
using it, who would thus be gifted with the power of prophecy if he 
foretold the event, or of working a miracle at the proper time if he 
withheld his knowledge from those around until the moment of its taking 
place. Such is the analogy between the construction of macfaiuerj' to 
calculate, and the occurrence of miracles. A further illustration may 
be taken from geometry ; corves are represented by equations. In cer- 
tain curves there are portions, snch as ovals, disconnected from the rest 
of the curve. By properly assigning the values of the constants, these 
ovals may be reduced to single points. These singular i>oints may exist 
upon a branch of a curve, or may be entirely isolated from it ; yet these 
points fulfill by their position the law of the curve as perfectly as any of 
those which, by their juxtaposition and continuity, form auy of its 
branches." 

" Miracles," Mr. Babbage adds, " are not therefore the breach of es- 
tablished laws, but the very circumstances that indicate the existence 
of far bigher laws which, at the appointed times, produce their prein- 
tended results." 

Kow whatever may be thought of the conclusiveness of this reasoning, 
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its originality is obvious, and its ingennity aodeDiablc. That it was 
satisfactory to a mind wbose reach was as wide and whose logic as 
consecutive as that of Charles Babbage, ia sufficient to demand for it 
&ir consideration. He evidently believed it; urged it apon other minds 
upon the same level with his own, and received no answers that detected 
in it a fallacy or showed it to be a sophiBm. 

There is sarpassing interest in watching the workings of a great mind 
in Aonesf search after tratb. There are no volumesof the fathers ; no ser- 
mons of Laurin or Bossnet; no essays of F^nelon or Paacid; no i>er- 
BDoal narrative of Amauld, Fran^oise de Sales, de Bancf^, or of the 
saints of Fort Boyal ; no memoirs of the pietists of France, or martyrs of 
England ; no lives of foreign missionaries, Protestant or Catholic, who 
gave tbeir all, even to death, to propagate what to them w^ Divine that 
in onr apprehension can confine the attention or challenge the judg- 
ment of a 8incere,intelligent inquirer after truth, like the thirtieth cliapter 
in the " Passages from the Life of a Philosopher.'' One sees in it no lav- 
orite opinion to be defended ; ^o peculiar error to be denounced ; no class, 
no creed, no caste to be built up ; no prejudice to be favored nor tradi- 
tion exempted from trial ; nothing, in fact, but the record of the thoughts 
of a great mind in honest pursuit of truth. It would be marred by quo- 
tations, and its life deadened by condensation ; tbough it does not 
traverse the ground of more motlern skepticism, and deals only with 
the old positious of the encyclopedists and Hume, it assumes a position 
in regard to Diviuo revelation which, if not impregnable, has never yet 
been overturned. 

We cannot easily resist the temptation to quote a few of bis clear and 
vigorous remarks from the chapter in qnestion. Speaking of an ex- 
amination of the Creator's works as one of the sources of our knowledge 
of His existence, Babbnge says : 

" Unlike transmitted testimony, which is weakened at every stage, 
its evidence derives confirmation from the progress of the individual 
as well as from tbe advancement of the knowledge of the race. 

"Almost all thinking men who have studied the laws which govern 
the animate and inanimate world around us, agree that the belief in the 
existence of one Supreme Creator, possessed of infinite wisdom and 
power, is open to far less difficnlties than the supposition of the absence 
of any cause, or the existence of a plurality of causes. 

" In the works of the Creator, everopen to ourexamination, we possess a 
firm basis on wbicb to raise the superstructure of an enlightened creed. 
Tbe more man inquires into tbe laws which regulate the material uui- 
verse, ihe more he is convinced tbat all its varied forms arise from the 
action of a few simple principles. These principles themselves converge, 
with accelerating force, toward some still more comprehensive law 
to which all matter seems to be submitted. Simple as that law may 
possibly be, it must be remembered that it is only one among an in- 
finite namber of simple laws; that each of these laws has conaequences 
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at least as extensive tw the exi8tiDgone,aDd, therefore, that the Creator 
who selected the present law mast have foreseen the conseqaeDces of all 
other laws. 

"The works of the Creator, ever present to our senses, give a livinff 
and perpetual testimoDy of his wisdom and gooduess tar sarpasdog 
any evidence transmitted throagh bnman testimony. The testimony 
of meo becomes fyater at every stage of transmission, while each new 
inquiry into the works of the Almighty gives to us more exalted views 
of bis wisdom, his goodness, and his power." 

The true value of the Christian religion in Babhage's estimation rested 
not apon speculative views of the Creator, which must uecesaarily be 
difiereot in each individual, according to the extent of the finite being 
who employ^ bis own feeble powers in contemplating the infinite, bat 
.rather upon those doctrines of kindness and benevolence which that re- 
ligion claims and enforces, not merely in favor of man himself but of 
every creatnre susceptible of pain or of happiness. 

There is something exceedingly refreshing in the original views Mr. 
Baggage takes of every subject that comes within the scope of his 
vision. His autobiography — for such in spite of his disclaimer it really 
is — has the interest of a romance. He is never dull^ never tiresome, 
never cloudy. His style is clear as limpid water and natural as a mn- 
niug brook. He possesses a rich fund of humor, which flecks and dap- 
ples even.his mathematical descriptions like sunshine falling throof^ 
foliage. 

*'A curious reflection" he says in the chapter we do not willingly 
leave, "presents itself, when we meditate upon a state of rewards and 
.punishments in a future life. We, must possess the memory of what iive 
did during our existence upon this earth in order to give them tboae 
characteristics. In fact, memory seems to be the only faculty which 
must, of necessity, be preserved in order to render a future state pos- 
sible. 

M If memory be absolutely destroyed, our personal identity is lost 

" Further reflection suggests that in a future state we may, as it were, 
awake to the recollection that, previously to this .our present life, we 
existed in some former state, possibly in many former ones, and that 
the then state of existence may have been the consequences of our con- 
duct in those former stages. 

" It would be a very interesting research if naturalists could devise 
any means of showing that tlie dragon fly, in its three stages of a grub 
boueatb the soil, an animal living in the water, and that of a flying 
insect, had in the last stage any memory of its existence, in its first. 

" Another question connected with this subject offers still greater 
difficulty. Man possesses Ave sources of knowledge through his senses: 
He proudly thinks himself tlie highest work of the Almighty Architect, 
but it is quite j>088t(>Ic that he may be the very lowest. If other animus 
possess seuses of a difieient nature from ours, it can scarcely be possible 
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that we eonld ever be awnre of tlie fact. Yet those animtilR, haviue 
other sources of iiiformatiou and of i»lenmire, mi;;ht, tboagh despitM-d 
bj- ue, yet oojojr a corporeal as welt as iDtellectanl exiatence far higher 
than our onu." 

Mr. Babbage's autobiography, relating isolated facts, which, with a 
sort of indifierence to the estimate history might pnt upon his char- 
acter — strongly in contrast with even the best class of jonroals and 
diaries, say, Sir Walter Scott's, or Dr. Ohnlmer's, or Edward Payeon's, 
or Missionary Judsoo's, as if while it was necessary that they should 
take care of their postmortem fame hi« possessed the vitality to care for 
itself — are arranged without order of time or similarity of subject, after ■ 
all divides itself very niitiirally into the two branches of personal recol- 
lections and personal experiences. Ho remembers WoUa^ton, Rogers, 
and Sir Humphrey Davy, and gives pen-outlines of their characters as 
vivid and living as the {lortraits of Duow. He has discussed mathe- 
matics with Laplace, compared analysis with Fourier, exhibited and ex. 
plained his inventions to Biot, and lived ou terms of intimacy with Hum- 
bohlt. He was the freqnent companion of the Duke of Wellington; watt 
the as»>ciate of various branches of the Bonaparte family ; was the triend 
of Mosotti, Menabria, and Prince Albert, and throngbout life, from col- 
legiate competitions to the mutual respect of malnre years, held firmly 
as his friend the younger Herschel. Of all these his notes are pictures, 
nneqoalled even by the descriptions which Boswell gives ot the asso- 
ciates of the great lexicographer. 

It is the same with his experiences. He ri^s drowning by water and 
baking by fire, loss of life by railway speed and loss of reputation by 
picking locks, character in exploring the secrets of theatrical displays, 
and purse in traversinj^' the hannta of St. Giles. His thirst for knowl- 
edge knew no bounds. Into au electioneering contest he entered with 
the same indomitable energy that he pursued a mathemati(fal calculus. 
The same keen avidity tliat detected a logarithmic error was applied to 
soppressing a street nnisanee. He vitalized whatever he touched. If 
life gives beauty it might bo more truly said of Uharles Babbage than 
of most men of mark, Xiltil tetigit quod non omavit. In fact there was 
no secret of nature be hesitated to explore, no enigma of the spbynx 
which he was afraid to question. Impulsiveness, want of patience, and 
hatred of shams have indeed left many of his investigations partial and 
fragmentary, but atwut every one of them there is rich compensation in 
striking aphorisms, profound observations, wisdom applicable to human 
need, and wit available for its ei^joj'meut. He says of himself; 

"I have always carefully watched the exercise of my own faculties, 
wid I have always endeavored to collect from the light reflected by 
other minds some explanation of the qaestiou. 

"I think one of my most important guiding principles has been this: 
That every moment of my waking hours has always been occupied by 
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some train of inquiry. In far tbe largest uiimber of instances the snbject 
might be trivial, but still work of inquiry was always goiug on. 

" The difficulty cousisted in adapting the work to tlie state of tbe body. 
The uecessacy tnuuing was difficult. Whenever at night I found my- 
self sleepless and wished to sleep, I took a subject for examination that 
required little mental effort, and which also Lad little dependence on 
worldly affairs by its success or failure. 

'■ Ou the other band, when I wanted to concentrate my whole mind 
upon an important aubjecti I studied during tbe day all tbe minor acces- 
sories and alter 2 o'clock in the morning I fonnd that repose which tbe 
• nuisances of the London streets only allow from that hour until 6 in tbe 
morning. 

"At first I bad manynsleeplessnigbtbeforelcould thus train myself. 

" I believe my early perception of tbe immense power of signs in aiding 
the reasoning faculty contributed much to whatever success I may have 
bud. Probably a still more important element was tbe intimate con- 
viction I possessed tbattbe highest object a reasonable being could pur- 
sue was to endeavor to discover those laws of mind by wbicb man's in- 
tellect passes from the known to the discovery of the unknown. " 

Id perusing the writings of Mr. Babbage, one is constantly struck 
with the philosophical nature of bis mind. His style is not only preg- 
nant with thought, but, like Montaigne's, is perpetually shaping itself 
into apothegms. "Men," be writes, wbeo managing an election contest, 
" will always give themselves tenfold more trouble to cmsb a mati 
obnoxious to their hatred, than they will take to serve their most 
favored ally. " 

Again, speaking of Dr. Lardner, who had candidly admitted that 
some of those doctrines he had once supported further information bad 
shown him were erroneous, our author says, " Nothing is more injurious 
to the progress of truth than to reproach any man who honestly admits 
he has been in error." 

In order to put down street organ-grinders, with whom be bad life- 
long quarrels, be proposes to bimselfto act upon this principle: "fo make 
it more unprofitable to theoffender to do the wrong than thf rtght.^ 

"*It reqaires considerable training to become an accurate witness of 
facts. No two persons, however well trained, ever express in the same 
form of words the series of facts they have both observed." 

"Once, at a large dinner party, Mr. Bogers, author of'Italy'and 
other poems, was speaking of an inconvenience arising from tbe custom, 
then commencing, of having windows formed of one large sheet of glass. 
He said that a short time ago be sat at dinner with his back to one of 
these single panes of plate-glass ; it appeared to him that the icindow teas 
wide open, and tuch was the force of the imagination that he actually 
caught cold. 

"It so happened that I was sitting just opposite to the poet. Hear- 
ing this remark, I immediately said, Dear me, bow odd it is, Air. Bogers, 
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tbat yon and I sbonid make sucb a vei^ different nse of the facnlly of 
imagiaatioo. When I go to the bonse of a friend in the conntry nnd 
unexpectedly rsmain for the uigbt, having no night-cap I sboald natu- 
rally catch cold. But by tying a piece of pack-thread tigktiy round my 
head, I go to Bleep imagining tluitjhave a nigbteapon; consequently I 
catch no cold at alt. " 

" I nas once asked by an astute and sarcastic magistrate, whether I 
serioasly believed that a man's brain wonldbe injured by listening to an 
organ. My reply was. Certainly not, for the obtiotu reason that no mun 
having braiiu ever listened to street Musicians. " 

Theae fragmentary quotations, however, scarcely do Mr. Babbage 
justice. Let us allow him to tell one of the many experiences of his lite 
in his own way. 

Under the head of " Hints for travelers," in bis '* Passages from the 
life of a philosopher,'' Mr. Babbage says: 

"A man may, without being a proficient in any science, often make 
himself nseful to those who are most instmcted. However limited the 
path he may himself pursue, he will insensibly acquire other informa- 
tion in retorn for that wbich be can communicate. I will iUastrate tliis 
by one of my own pursuits. I possess the smallest possible acquaint- 
ance with the vast fields of animal life, but at an early period I was 
Htmck by the numerical regularity of the pulsations and the breathings. 
It appeared to me that there must exist some relation between these two 
functions. Accordingly I took every opportunity of couiitiog the num- 
bers of the pulsations and the breathings of various animals. The pig 
fair at Pavia and the book fair at Leipsic ^ualty placed before me 
menageries in wbich I could collect such facts. Every zoological collec- 
tion of animals which I visited thus became to me a source of facts 
relating to that subject. This led me at another period to generalize the 
subject of inquiry, and to print a skeleton form for the constants of the 
class mammalia. It was reprinted by the British Association at (Jam- 
bridge in 1833, and also at Brussels in the Travaux du Cougres Q4n&al 
de Slatiique in 1853. 

" One of the most useihl accomplishments for a philosophical travels 
I learned from a workman who taught me how to punch a hole in a 
plat« of glass. The process is simple. Two center-punches, a hammer, 
an ordinary bench-vise, luid an old file, are all the tools required. Hav- 
ing decided upon the part of tbe glass, sca^tch a cross ( x ) npon the spot 
with the point of an old file, tarn tbe glass over and scratch the same 
on the other side corresponding. Fix orie of the small center-punches 
with its point upward iu tbe vise. Let an assistant hold the glass with 
its scratched point ( x ) resting npoa tbe point of the punch. Take the 
other punch, place its point iu tbe center of the npper scrateh, hit it 
very slightly twice or thrice, turn the glass two or three times, repeat- 
ing the idight blows, and tbe bole is formed. 

" Tbe principles of this are, that glass is a material breaking in every 
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directioD with a conchoitlal fracture, and that the vibrations which woald 
have caused cracking are checked by the support of the fixed ceutar- 
puiich. 

" In the year 1825, during a visit to Devonport, I had apartments in 
the house of a glazier, of whom I inquired one day if he knew this 
secret. He answered that he did not, and expressed great curiosity to 
see it done. Finding that at a short distance there was a blacksmith, 
we went to his shop, and selecting from his rough tools the center- 
punches and the hammer, I execated the whole process. 

" On the eve of my departure I asked for my landlord's acconnt, which 
WHS sent up correct except the omission of charge for apartments. I 
added the eight guineas for my lodgings ; and the next momiog, having 
])1aeed the total amount upon the bill, I sent for my host in order to pay 
him, remarking that he Iiad omitted the principal article of bis acconnt, 
which I had inserted. 

" He replied that be had intentioually omitted the lodgings, as he 
could not think of taking payment for them from a gentleman who had 
done him so great senice. Quite unconscious of having rendered him 
any service, I asked him to explain. He replied that he had the con- 
tract for the supply and repair of the lamps of Devonport, and that the 
art in which I had iustrncted him would save him more than twenty 
pounds a year. I found some difficulty in prevailing on my grateful 
landlord to accept what was justly his due." 

Scarcely at the risk of being tedious — which no passages in the life 
of this extratirdinary man can ever be — but at the greater risk of spacci 
which must be devoted 4o bis contributions to knowledge, we cannot 
forbear a single quotation further, which, like a dash from the bmsh of 
Kabens, depicts the multifariousuess of his character: 

"While I was preparing materials for the 'Economy of manuf^ 
tares,'" he writes, "I had occasion frequently to travel through onr 
mining and manufacturing districts. On these occasions I fouod the 
travelers' inn or travelers' room was usually the best adapted to my pur- 
pose, both in regard to economy and to information. As my inquiries 
had a wide range, T found ample assistance in carrying tbem on. Ko- 
body doubted that I was one of the craftj butopiuions were widely dif- 
ierent as to the department in which I practiced my vocation. 

" In one of my tonrs I passed a very agreeable week at the Commer- 
cial Hotel in Sheffield. One evening we sat up after supper much later 
than is usual, discussing a variety of commercial subjects. 

" When I came down rather late to breakfiu^t I found only one of my 
acquaintances of the previous evening remaining. He remarked that 
we had had a very agreeable party last night, to which 1 assented. He 
referred to the intelligent remarks of some of our party, and then added 
that wheu I left them they began to talk about me. I merely added 
that I felt quite safe in their hands, but should be glad to profit by their 
remarks. It appeared, wheu I retired for the night, that they debated 
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about what trade I traveled for. ' The taU gentleman in the eomcr,' 
said my infoimant, ' maiDtaiued that you vere in the hardware line, 
vhile the fat gentleman, who sat next yon at supper, wa6 quite sure 
that yoD were in the spirit trada Another of the party det^lared that 
they were both mistaken; he said he hail met you before, and that you 
were traveling for a great iron-maBter.' ' Well,' said I, 'you, I presume, 
knew my vocation better than our friends.' ' Yes,' said my informant, 
' I knew perfectly well that you were in the Nottiugbam lace trade !'" 

In the year 1323 Mr. Babbage was nominated to the Lncaaian pro- 
fessorship of mathematics in his old university, occupying in that ca- 
l>acity a chair which had ouce been held by uo less a mao than Sir Isaac 
2fewton. This chair he held dnring eleven years. It was while holding 
this professorship, at the general election of November, 1832, which fol- 
lowed on the passage of the first reform bill, that he was put forward 
as a candidate for the representation of Finsbnry in ParUament. He 
stood in the advanced liberal interest as a supporter not only of par- 
liamentary, financial, and fiscal reform, but of the ballot, triennial p<ir- 
Uiunents, and the abolition of all sinecure posts and ofiices. But the 
electors did not care to choose a philosopher; so he was unsuccessful, 
and never again vooed the suffrages of any constituency. 

Mr. Babbage was the author of published works to the extent of some 
eighty i^apers. A full list of these, however, woald not interest or edify 
the reader. Perhaps the best known of them all is what he styled the 
Sintk BridffeiDater Treatise, (which it was not,) a work designed at once 
to refute the doctrine, supposed to be implied in the first votnme of that , 
leameil series, that an ardent devotion to mathematical studies is un- 
favorable to a real religious faith ; and also to adduce specimens of the 
defensive aid which the science of numbers may give to the evidences 
of Christianity, if that science bu studied in a proper spirit. As com- 
pared with the eight treatises written by Ohalmers, Whewell, Sir 
Charles Bell, Dr. Buckland, and others, so far from discrediting ils mxp' 
posititious name, it has probably been more generally read than any 
work of the series. 

Mr. Babbage's contributions to political economy were both incidental 
and direct. The tendency of his mind, nt>on whatever it was engaged, 
was towawl the practical. There is scarcely one of his works — nay, there 
is hardly one of the various employments in which he engaged himself 
with his whole soul during his long life — that in its ultimate reach does 
not lay hold of the industrial condition of mankind. Keen in investiga- 
tion, acute in analysis, subtle in detection of error, and pre-eminently 
logical in conclusions, uo matter how purely intellectual may be the 
laboratory of his workings, the experiments he makes and the outlooks 
in which he indulges have for their end invariably the material benefit 
of the working classes. Whether it be the solution of " problems ^ela^ 
ing to the calculus of fimctions " or relating to the " knight's move m 
chess;" whether the " determination of the geueral term of a new class 
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of iDttnite series " or the " applicatioa of machinery to the compntation 
of mathematical tables," the "measurement of heights" or the " imiirove- 
meiits of dtTing-bells," " proportion of letters occurring in various lan- 
guages " or "observations on the Temple of Serapis," "thoughts on 
the principles of taxation " or " statistics of light-houses," his purpose 
in every essay is practical good. He enhvens the dry subject of politi- 
cal economy by the most interesting and pertinent anecdotes; draws the 
attention of engine-drivers and stokers to his abstruse discnssions of 
curves and gauges on railways by maxims and rules that are of constant 
use; discusses the subject of Greenwich time-signals with a variety of 
illustrations that makes it attractive to every ship-master} mingles his 
philosophical theories on occulting lighte with narratives of observations 
and experiences that amuse and instruct the most ordinary minds; and 
treats the vexed question of glaciers with a liveliness and perspicuity 
which interest if thoy do not convince. 

The reader will judge whether we bare overestimated or misunder- 
stood the real characteristics of Mr. Babbage's mind from the examples 
we now propose to give from some of hia contributions to knowledge. 

Mr. Babbage was one of the oldest members of the Boyal Society at 
the time of his death in October of last year. He was also, more than 
half a century ago, one of the founders of tbe Astrouomical Society, and 
he and Sir John Herschel were the last survivors of those founders. He 
was also an active and zealous member of many of the leading learned 
societies of London and Edinburg, and, in former years at least, an ex- 
tensive contributor to their published transactions. His last important 
publication was tbe amusing and only too characteristic autobiographi- 
cal work from which we have freely quoted — "Passages from the Life of 
a Philosopher." 

There were methods of action — qualities they might perhaps be more 
properly called — in the mind of Charles Babbage that recall to the 
philosophical peruser of his works in tbe exact sciences traits not dis- 
similar in kind, however distinct in degree, to those possessed by that 
most original of all thinkers, Sir Isaac Newton. He possessed iu com- 
mon with Newton extraordinary powers of intellectual introversion. 
What he desired to accomplish lie thought out. His miud, like a pho- 
tographic plate, was cleansed by a continued force of will to think 
rightly, and when cleansed received its impressions from the light of 
truth. Not only his contributions to knowledge and his complex and 
intricate calculating-machines, but the scores of lesser inventions which 
he produced from time to time, are illustrative of this. Like Newton, 
he first pondered his facts, illuminated them by persistent thought, and 
then proceeded to tbe principles on which these facts depend. 

Pestalozzi, the Italian philanthropist, after a long life spent in works 
of benevolence, came at last to the conclusion that no man could be 
much helped or hindered by any one hut himself. The remark is appli- 
cable to Charles Babbage more than to most persons. He both mode 
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aud marreti bis owd fortune. There vrits not a place wbich ho ever 
suugbt (the LncasinD chair he did uot seek) that he gaiued. He aspired 
to the professorship of mathematics at the East loclia College at Har- 
leybnrgb ; to Playfair's chair at Edinburgh ; to a scat at the Boanl of Lon- 
gitade; to the mastership of the mint; and to the office of registrar-gen- 
eral of births and deaths — and failed in all. On the other hand, there 
was uot an inventioD connected with his name — and in mathematical 
mecbanics he ranksamoug the foremost the world ever produced — which, 
iu the opiaion of the best-disciplined minds of his day, he could not 
have perfected bad sufficient pecuniary means been at his command. 
Uu fortunately, he measured everything by his own unaided impressions, 
and jndged himself by others instead of judging others by himself. To 
rest all claim to greatness on self-assertion rather than sel f-denial, tliongh 
it may have made the heroes of the classic ages, cannot but be a grave 
fault in the conduct of any modern life. Still, be bore bis disapiioint- 
ments bravely, possessed his intellect nndimmed up to the verge of his 
fourth-score year, made hts old age a lesson — not unwisely at any time 
enforced— of the philosophy with which the rest of death may be awaited, 
and was to the last ready to contemplate calmly in bis own case what 
arose to the thought of Antony — 

I hare been sitting longer at Mte'a fpoat 

Than docs mo good. I will arise and go. 



Estncte IVom a notice of Charirs Babbagc, by A. Qnetelet, of Bmssela, traaelated 
from tbe "Annnairu do I'Observatoire royal do BniiL-Uee" for 1373. 

Babbage says, in his passage from the Life of a Philosopher, " From 
my eiirlieat years I bad a great desire to inquire into the causes of all 
things and events which astonish the childish mind. At a later period 
I irommence'l the still more important inquiry into those laws of thought 
and those aids whirh assist the human mind in passing from received 
knowledge to that other knowledge then unknown to our race." These 
few lines express snflicieDtly well the character of the distinguished 
mvfint (ihose career we shall endeavor rapidly to sketch. Notwith- 
standing his own ardent desire to inquire into everything which could 
interest himself, our anthor never seems to have dreamed of Informing 
others as to bis exact age. According to bis friends, he was born iu 
1702, and was consequently aliout 80 at the time of his death. 

Ue did not l)egin seriously the study of mathematics until after 
the age of 22, when be was with his friend Herschel at Trinity College,, 
Cambiidge. They soou after published a joint work on mathematics,, 
which did much towanl introducing the continental methods and nota- 
tion of tbis science into England. Fourteen years after this, while Mi'. 
Bnbbage wasin Rome, be accidentally read in an English newspai>er tbv 
following paragraph : " Yetiterday the bells of St. Maty rang out a {teal 
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to celebrate the election of Charles Babbage as Lucasiao professtor of 
iiiathetnaticB at Cainbri<)ge;" or, iu other words, bis appoiutment to the 
chair formerly occapied by Newton. 

It waa in Paris, in 1826, at a dinner given by Bonvard, the astronomer, 
that I had au opportunity to become acqiiaiuteil with Babbage. There 
were at the same time present Foisson and several other of the scientists 
who then made Paris illiistrions, with all of whom he was a center of 
interest. He, with trnly fraternal kindness, ofl'ered me his assistance in 
procnring from the English mechanicians, among whom was the cele- 
hrate<l Troughton, the instruments for the Belgian observatory, Heateo 
proposed my co-operation in a work which lie had projected which was 
to contain a register of everything capable of being measured, such as 
the specific gravity of liodies; the linear expansion of metals; tbfir 
weight; the size of animals; the quantity of air they breathe; the 
nourishment they need, &i!. "The extent of this work," I said, "is too 
vast to be carried out unless by the co-operation of many minds. The 
ODtline of what may be necessary for man alone is so great that with the 
help of many friends I could not hope to complete more than a skeleton 
of the whole." The reply waa that lime is an element of solution which 
overcomes the greatest difficnities of investigation ; and if our efiorts 
are properly directed our desceudents wilt finisli what we have pro|>crly 
begun. 

Nothwithstanding his immense labor connected with the calculating- 
mncbioe, Babbage, in April, 1835, tnrued his attention to assist hit) 
friend Herschel, then at the Cape of Good Hope, iu carrying out over 
the whole world, on certain days, a system of meteorological observa- 
tions. These days, which were called term-days, were the lilst of 
December, 21st of March, 21st of June, and 21st of September. At 
these times continued observations were to be made at every hour, 
commencing at noon on the days above mentioned and terminating the 
next day at the same hour. These observations, in the introduction of 
which Mr. Babbage took an active part, were continued in Euroi>e, 
America, India, and Africa, and led Bnally to tLe establishment of the 
Tarious systems of simultaneous weather-reports of the present day. 

While I was in Loudon, in 1851, at the great exhibition of indus- 
trial products, Babbage made me acquainted with Lord Lovelace, a 
gentleman of great ability and high reputation, who had married the 
cherished daughter of Lord Byron. This charming lady, remarkable 
for her beauty and personal nticompIishment.-<, and noted for her in- 
tellectual [towers, bad published a translation of au Italian account of 
the calculating-machine. She received me very graciously, and urged 
Mr. Bahbage and myself to visit her frequently for conversation on 
literary and scientilic subjects, with which she was familiar. She was 
especially interested in the calculus of pruhabilities, and so far did we 
<carry our discussions on this point that it was agreed that we should 



by Google 



CHARLES BABBAOE. 185 

compose and publish a joint work on tbia Babjeot. TJnfortnnately, the 
plaa was prevented from being carried out by the premature death of 
this interesting lady. 

I owe it to the friendship which loiig ouited me with Mr. Babbage to 
having seen in London, on several occasions and iu the greatest detail, 
all the parts of the calcnlating- machine, and to having been able to 
form for myself a just conception of a labor of which I had often beard 
but of which very few people knew the particulars. The machine is 
certainly very complicated, and extreme attention is needed to follow 
the action of its different parts j hence, I shall not attempt to give a 
description of it, which would unquestionably fill qnite a considerable 
volume if we paid respect to the ideas of the inventor, to the extreme 
perfection of the mechanical workmanship, and to all the uiathematical 
calcnlations which the machine can perform. 

Besearchea into statistics also claimed the Attention of Babbage, and 
he was personally instrumental in adding to the committees of the Brit- 
ish Association one on this subject. The attention of the committee on 
statistics was first turned to the need of exact documents in regard to 
population, a want much felt in England, especially as to everything 
relative to births, deaths, &c. Meetings were afterward held in Lon- 
don of persons interested in the subject of statistics, in which Mr. Bab- 
bage took an active part, and to which 1 was admitted. They oxam- 
ioed, among other questions, that of the labor imposed upon children in 
maDufacturies. The following questions were projionuded to me m 
regard to Belgium, which I transmitted to the minister of the interior, 
who promised to have collected the necessary d.ita for a satisfactory 
reply. The honorable savants asked — 

" The number of births produced by each marriage during its entire 
length ; 

" The proportional number of children who reach the period of mar- 
riage; 

" The number of children living by each marriage ; 

"The salaries paid in manufacturies and agricuttare in different prov- 
inces, especially the price of an average day's labor in agriculture ; 

" The quantity of wheat which such a day's pay can procure in ordi- 
nary times ; 

" The mean price of different kinds of graiu ; 

" The habitnal food of the day-laborer ; 

" The proi>ortioDaI number of sterile marringes ; 

" The proportional number of marriages having five or six cliildron 
liviug." 

As an instance of our friend's singular disposition to enter ai)ou in- 
vestigations of the most out-ofthe-way character, I may mention that 
for a time he lost sight of the profound speculations of political economy, 
aud bnsicd himself with the question aa to bow many times any letter 
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ill (liffereut laugnages doubles itself in 10,000 words. Tbe followiiig 
table gives the result wliicb be obtained : 

A'umbrr of limn digereM fttter* ore SonliUxt in Icn itousand vnirSt. 
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[lu regard to tbe question of what use is this, we would remark that 
tbia qf.estiou ia never asked by the student of nature; since every item of 
knowledge is connected in some way with all other knowledge. Noth- 
ing can be said to be nseless which tends to exhibit new relations, and 
indeed it is impossible to say apnoW that a given fa4it may not find an 
apiilicatiou even in |iraetice, however remote it may seem from anything 
of this kind. Tbe results given in the foregoing investigation may lie 
of importance in determiningthecastiug of double tyiws. The nniubrr 
of occurrences of a given letter in 10,000 words of any language deter- 
mines tbe number of typos of that letter in a font. — J. II.] 

Our physicist always took care, in traveling, to carry with him tboi^e 
iustruiiients which would enable bim to carry on some investigations. 
He was essentially a man of oxi>enment. He held that the eye and the 
ear were great aids to the judgment, and a demonstration never seemed 
to him complete until be knew bow to render it evident to the sense and 
tbe reason. Toward the end of his life bis vivacity was considerably 
moderat«d, and the mortification wbicb be felt on account of not being 
able to complete bis calcalating-macbine, and tbe loss of friends, cast a 
shadow over bis latter days. 

[I bad myself tbe pleasure to make the acquaintance of Mr. Babbage 
ill 1S3T, while be was in the zenith of bis mental power, and to witness 
flic operation of bis first calculating-machine. I agsiin visited him in 
1H70, alter au interval of ju»t one-third of a century. I found him in ihB 
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same liouse, Atill interestol ia the caloulating-machine, with apparently 
but little diminution of mental activity. He informed me tliat be felt 
himself gradoally declining ; that he emieavored to note the change in 
himself ; that be found it difficult to enter upon new anbjects of thought, 
bnt that he could reason and mentally net on materials already in his 
mind in the way of onw computations and new deductions. He regret- 
ted the loss of memory, since with it was the loss of personal identity. — 
J. H.] 



[Extract from writiogs of Cbarleg Babb«ge.] 
OP OBSEEVATION3. 
There are several reflections connected with the art of making obser- 
vations and espeiiments, which may be conveniently arranged in this 
chapter. 

0/ Minute Precision. 

No person will deny that the highest degree of attainable accuracy is 
an object to be desired, and it is generally found that the last advances 
toward precision require a greater devotion of time, labor, and expense 
than tho.se which precede them. The first steps in the pat^ of discov- 
er}' and the flrst approximate measures are those whith add most to 
the esiNting knowledge of mankind. 

The extreme accuracy required in some of our modern inquiries lias, 
in some respect^ had an unfortunate iufiuence by favoring the opinion 
that no esporimcuts are valuable unless the measures are most luiimte 
and the accordance among them most perfect. It may, iierhajts, be of 
some u.se to show that even with large instruments and mo^t practiced 
observers this is but rarely the case. The following extract is t^iken 
from a representation made by the present astronomer-royal to the 
council of the Boyal Society, on the advantages to be derived from the 
emi>loyment of two mural circles: 

"That by observing, with two instrnments, the same objects at the 
same time, aad in the same maimer, we should be able to estimate how 
much of that occasional discordance from the mean, which attends cxea 
the inost careful observations, ought to be attributed to irregularity of 
refraction, and how much to the imperfections of inatraments." 

In confirmation of this miy be adduced the opinion of the late >I. 
Delambre, which is the more important, from the statement it contains 
relative to the necessity of publiahing all the observations which have 
been made : 

" Mais quelque soit le parti que I'ou pr^ffere, il me semble qu'on doit 
tout pnblier. Ces irregularit6s memes sont des f^ts qu'il imiiorte de 
counoitre. Les soins les plus attentifs n'en sauroient preserver leu obsa-va- 
tears les plus exercis, et celui qui ne produiroit que des angles f<oujuurs 
parfaitement d'accord auroit 6t6 siiiguli^rement bien servi par lesciicou- 
stances ou oe seroit pas bieo sincere." — Base de Systdme metrliine, dis- 
eours preliminaire, p. 15S. 
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This desire for extreme accuracy has called avay the attention of ex- 
perimeuters from iwiutB of far greater importance, and it seema to bave 
been too mach overlooked iu the present day that genius marks its 
track, not by the observation of quantities inappreciable to any but the 
acutest senses, but by placing Katnre in such circumstances that she iu 
forced to record her minutest variations on so magnified a scale that au 
observer, possessing ordinary faculties, shall hud them legibly written. 
He who can see portions of matter beyond the ken of the rest of his 
species confers an obligation on tbem by recording what he sees; but 
their knowledge depends both on his testimony and on his judgment. 
He who contrives a method of rendering such atoms visible to ordinary 
observers communicates to mankind an instrument of discovery, and 
stamps bis own observations with a character alike independent of tes- 
timony or of judgment 

On (lie Art of Observing. 

The remarks in this section are not proposed for the assistance of those 
who are already observers, but are intended to show to persons not 
familiar with the subject that, in observations demanding no uoriva'led 
accuracy, tlio principles of common sense may be safely trusted, and 
that any gentleman of liberal education may, by perseverance and atten- 
tion, ascertaiu the limits within which he may trust both his instrument 
and himself. 

If the instrument is a divided one, the first thiug i^ to lenru to rend 
the verniers. If the divisions arc so fiue that the coincidence is fre- 
quently doubtful, the best plan will be for the learner to get some ac- 
quniutauce who is skilled in theuse of instruments, and, having set the 
instrument at hazard, to write down the readings of the verniers, and 
the/a request his friend todo the same. Whenever there is any di&'erence, 
he should carefully exumine the doubtful one, and ask his friend to point 
out the minute peculiarities on which be founds his decision. This 
should be repeated frequently, and, after some jiractice, he should note 
bow many times in a buudred his reading differs trom his friend's, and 
also how many divisions they usually differ. 

The next jioint is, to ascertain the precision with which the learner 
can bisect an object Tith the wires of the telescope. This can be done 
without assistance. It is not necessary even to adjust the instiument, 
but merely to point it at a distant object. When it bisects any i-emark- 
able point, read off the vcruiers, and write down the result; then dis- 
place i he telescope a little and adjust it again. A series of such observa- 
tions will show the confidence which is due to the observer's eye in bisect- 
iug an object, and also iu reading the verniers ; and as the first direc- 
tion gave him some measure of the latter, he may, in a great measure, 
appreciate his skill iu the former. He sboiUd also, when he finds a de- 
viation in the reading, return to the telescoi>e and satisfy himself if Le 
has ma<le the bisection as complete ns he can. In general, the student 
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should practice eacb adjuBtment separately, atid write dowu the results 
wberever he can measure its deviations. 

Having thas practiced the adjngtmenta, the next step in to make an 
observation. But in order to try both himself and the instrument, let 
bim take the altitude of some fixed object, a terrestrial one, and baviug 
registered the result, let him derange the adjustment, and rei>eat the 
process fifty or a hundred times. This will not merely nliurd bim 
excellent practice, but enable him to judge of his own skill. 

The first step in the use of every instrument is to find the limits in 
which its employer can measure the same object under the same circum- 
ttaneei, and, after that, of different objeetn under different circumstances. 

The principles are applicable to almost all iustrumente. If a person 
is desirous of ascertaining heights by a mountain-barometer, let him be- 
gin by adjusting the instrument in his own study, and, having made the 
upper contact, let bim write down the reading of the vernier, and then let 
him derange the upper adjustment (mlg, re-adjust, and repeat the reading. 
When he is satisfied about the limits within which he can make that 
a^ustment, let him do the same repeatedly with the lower, but let bim 
not, until be knows bis own errors in reading and adjusting, pronounce 
upon those of the instrument. In the case of a barometer, he must also 
be assured that the temperature of the mercury does not change during 
tbe interval. 

A friend once brought me a beautifully-constructed piece of mechan- 
ism for marking minute portions of time; tbe three hundredth part of 
a second was indicated by it. It was a kind of watch, with a pin for 
stopping one of the hands. I proposed tliat we should eacb endeavor 
to stop it twenty times in succession at the same point. We were both 
equally unpracticed, and our first endeavors showed that we could not 
be confident of tbe twentieth part of a second. In fact, both the time 
occupied in causing the extremities of the fingers to obey the volition, 
as well as tbe time employed in compressiug the fiesb before the fingers 
acted on the stop, apiieared to influence the accuracy of our observa- 
tions. From some few experiments I made I thought I perceived that 
the rapidity of the transmission of the effects of the will depended on 
the state of fatigue or health of tbe body. If any one were to make ex- 
periments on this subject, it might be interesting to compare the rapidity 
of the transmission of volition in different persons with the time occu- 
pied in obliterating an impression made on one of the senses of tbe 
same persons. For example, by having a mechanism to make a piece 
of ignited charcoal revolve with different degrees of velocity, some 
I>ersous will perceive a contirtuous circle of light before others, whose 
retina does not retain so long impressions that are made upon it. 

On the Frauds of Observers. 

Scientific inquiries are mqre exposed than most others to the inroads 
of pretenders ; and 1 feel that I shall deserve the thanks of all who 
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really value trutb, by staling some of the methods of deceiriiig prac- 
ticed by unworthy claimants for ita honors, while the mere circum- 
stance of their arts being knowu may deter fiitnre offenders. 

There are several species of impositions that have been practiced in 
science, which are bat little known, except to the initiated, and which it 
may, perhaps, bo possible to render quite intelligible to ordinary under- 
standings. These may be classed nnder the heads of hoaxing, forging, 
trimmiug, and cooking. 

Of .Hoaxitig. — This, perhaps, will be better explained by an example. 
In the year 1788, M. Qioeni, a knight of Malta, published at Naples an 
account of a new family of Teatacea, of which he described with great 
minuteness one species, the 8p,ecific name of which has beentaken from 
its halitat, and the generic he took from bis own family, calling it Oioe- 
nia aicuUi. It consisted of two round triangular valves, united by the 
body of the animal to a smaller valve in ttoot. He gave figures of 
the animal, and of its parts; described its structure, its mode of ad- 
vancing along the sand, the figure of the track it left, and estimated 
the velocity of its course at about two-thirds of an inch per minute. 
He then described the structure of the shell, which he treated with 
nitric acid and found it approached nearer to the uature of bone than 
any other shell. 

The editors of the EncyclopMie mithodique have copied this descrip- 
tion and have given figures of the Oioenia guyula. The fact, however, 
is, that no such animal exists, hut that the knight of Malta, finding ou 
the Sicilian shores the three internal bones of one of the species of Bulla, 
of which some are found on the southwestern coast of England,* 
described and figured these bones most accurately, and drew the wlmle 
of the rest of the description Irom the stores of his own imagination. 

Such frauds are far &om justifiable ; the only excuse which has been 
made for them is, when they have been practiced on scientific academies 
which had reached the period of dotage. 

It should, however, be remembered that the productions of nature are 
80 various that mere strangenesst is very fer from sufficient to raider 
donbtfol the existence of any creature for which there is evidence ; and 
that, unless the memoir itself involves principles so contradictory { as to 
outweigh the evidence of a single witness, it can only be regarded as a 
deception withoat the accompaniment of wit. 

Fwging differs from hoaxing, inasmuch as in the latter the deceit is 
intended to la»t for a time, and then be discovered to the ridicule of 

'Bulla ligtiaria. 

tTliu number of vertebra! in the neck of thei'IeriaMunMisaBtraugokutaAcertaiuiHl 

I The kind of contradiction whicb is here alluded to is that which arises from ireJi- 
atccrtained final cansoa ; tor instance, tbe mminating stomach of the hoofed animals is 
in no case combined with the claw-sbapod fonu of the extremities, frequent in niai>y 
of the caniivorona aoiiuala, and ueoeaaaty to some pi them for the purpose of seieing 

their prey. 
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tliose wlio have credited it; whereas the forger is onie who, wisbiug to 
acquire a reputation for seieuce, records observ.it ions which he has never 
nutde. This is sometimes accomplished in astronomical observations 
by calcnlatiug the time and circumstances of the phenomenon trom 
tables. The observations of the second comet of 17S4, which was only 
seen by the Chevalier d'Augos, were long suspecteil to be a forgery, and 
were at length proved to be so by the calculations and reasoning of 
Encke. The pretended obser^-ations did not accord among each other 
In giving any possible orbits 'But M. Encke detected an orbit, belong- 
ing to some of the obser%'ations, fh>ia which he found that all the rest 
might be almost precisely deduced, provided a mistake of a unit in the 
index of the logarithm of the radius vector wera supposed to have been 
made in all the rest of the calculations. {Zaeh. Corr. Astron., torn, 
iv, p. 456.) 

Fortunately, instances of the occurrence of forging are rare. 

Trimming consists in clipping off litUe bits here and there from those 
observations which differ most in excess from the mean, and in sticking 
them on to those which are too small; a species of "equitable adjust- 
mentf" as a radical would term it, which cannot be admitted in science.' 

This fraud is not, perhaps, so iojurions (except to the character of the 
trimmer] as cooking, which the next paragraph will teach. The reason 
of this is, that the average given by the observations of the trimmer is 
the same, whether they are trimmed or untrimmed. His object is to 
gain a tepntatiou for extreme accuracy in making observatioud ; but 
from respect for trath, or from a prudent foresight, he does not distott 
the position of the fact he gets from nature, and it is usually difficult to 
del«ct him. He h^ more sense or less adventnre than the cook. 

Of Cooking. — ^Tbis is an art of various forms, the object of which is 
to give to ordinary observations the appearance and character of those 
of the highest degree of accuracy. 

One of its numerous processes is to make multitudes of observations, 
and out of these to select those only which agree or very neu-ly agree. 
If a hundreil observations are made, the cook must be very unlucky if 
he cannot pick out filteen or twenty which will do for serving n[>. 

Another approved receipt, when the observations to be used will not 
oome within the limit of accuracy which it has been resolved they shall 
possess, is to calculate them by two different formulas. The difference 
in the constants employed in those formnlas has sometimes a most 
happy effect in promoting nnauiniity among discordant measures. If 
still greater accuracy is required, three or more formnlas can be used. 

It must be admitted that this receipt is in some instances most 
hazardous; but in the cases where the positions of stars, as given in 
different catalogues, occur, or different tables of specific gravities, spe- 
cific heats, &c., it may safely be employed. As no catalogue con- 
tains all stars, the computer must have recourse to several ; and if be is 
obliged to use his judgment in the selection, it would be cruel to deny 
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liim any little advantage which might result from it. It may, however, 
be necessary to guard against one mistake into which persona might 
fall. 

If an observer calculate particnlar stars from a catalogue which 
makes thpm accord precisely with the rest of his resalts, whereas had 
they been computed from other catalogues the difierence would have 
been considerable, it is very nnfair to accnse him of cooking ; for those 
catalogues may have beeu notoriously inaccurate, or they may have 
been suiversedud by others more recent, or made with better instrn- 
uieut« ; or the observer may have been totally ignorant of their exist- 
ence. 

It sometimes happens that constant quantities in formulas given by 
the highest authorities, although they differ among theuiselvee, yet 
they will uot suit the materials. This is preci^^ely tho point in which 
tiie skill of the artist is shown ; and an iiccomplished cook will carry 
himself triumphantly through it, provided, happily, some mean value 
of such constants will fit his observations. Ue will discuss the relative 
merits of formulas he hits just knowledge enough to use ; and, with 
mlmirable candor, assiguing their proper share of applause to Bessel, 
to Gauss, and to Laplace, he will taUe that mean value of the constant 
used by three such philosophers which will make his own observations 
accord to a miracle. 

There are some few reflections I would venture to suggest to those 
who cook, altliou(;h they mity not receive the attention which, in my 
opinion, they deserve, from uot coming from the i>en of an adept. 

In the first place, it must n-quii-e much time to try different formulas. 
In the uext place, it may happen that, in the progress of human kuowl- 
edge, more correct formulas may be discovered, and constants may be 
determined with tar greater precision. Ur it may be found that some 
physical circumstance influences the ra«ults, (although unsuspected at 
the time,) the measure of which circumstance may i>erh»pa be recovered 
Irom other contemporary registers of facts.* Or, if the selection of 
observations has been made with the view of its agreeing precisely with 
the latest determination, there is some little danger that the average of 
the whole may di&er from that of the chosen ones, owing to some law of 
nature dependent on the interval between the two sets, which law some 
future philosopher may discover; aud thus the very best ob8er%'ation8 
may have been thrown aside. 

In all these, and in numerous other cases, it would most probably hap- 
pen that the cook would procure a temporary reputation for unrivaled 
accuracy at the expense of his permanent fame. It might also have the 
effect of rendering even all his crude observations of no value ; for that 
part of the scientific world whose opinion is of most weight is generally 
so uureasonable as to neglect altogether the observations of those in 

* liuagiiie, by way of uxouiplv, tUe staW of tho bttromotor or thcmiouieter. 
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vbom they have, on aoy occasion, discovered traces of the artist. In 
fact, the character of an observer, as of a woman, if doal>t«<l, is destroyed. 

The mauuer in which facts appareDtly lost are restored to light, cveu 
after considerable intervals of time, is sooietimes very unexpected, and 
a few examples may not be without their use. The thermometers 
employeil by the philosophers who composed the Accademia del Oimento 
have been lost ; and as they did not use the two fixed points of freeitiug 
and boiling water, the results of a great mass of observations have 
remained useless ft'om onr igDorance of the valne of a degree on their 
instruments. M. Libri, of Florence, proposed to regain this knowledge 
by comparing their registers of the temperature of the human body and 
of that of some warm springs in Tnscany which have presen'ed their 
heat uniform during a century, as well as of other things similarly oir- 
vnmstanced. 

Another illustration was {Minted out to me by M. Qazzwi, the pro- 
fessor of cbemtstry at Florence. A few years ago an important suit iu 
one of the legal courts of Tuscany depended oa ascertaining whether a 
certain word bad been erased by some chemical process fh>m a deed tbea 
before the court. The party who insisted that an erasure bad been made 
availed themselves of the knowledge of M. Azzeri, who, concluding that 
those who committed the teaad would bo satisfied by the disappearance 
of the coloring matter of the ink, suspected (either from some colorless 
matter remaining iu the letters, or perhaps from the ^^ncy of the sol- 
vent having weakened the fabric of tlie paper it«elf beneath thesnpposed 
letters) that tbe effect of the slow application of heat would be to render 
some difference of texture or of applied Bubstaiice evident by some 
variety in the shade of color which heat iu such circnmstances might be 
expected to produce. Permission having been given to try the experi- 
ment, on the application of heat the important word re-appeared, to the 
great satisfaction of the court. 

[One of the most noted deoepUoiisoftbiskind was that called the moon 
hoax, published in New York about thirty years ago, which puriiorted to 
beaseries of discoveries made in the moon by Sir John Herschel during 
his residence at the Cape of Good Hope. These discoveries were said to 
be the result of a great improvement in the telescope. It is well known 
that, with a given-sized object-glass, the power of this instrument is 
limited by the degree to which the image In the focus of the glass can 
be magnified; tlie light remaining the same, the more the ^ize of the 
image is increased the darker it becomes. The alleged improvement 
consisted in the illumination of this image by artificial light. By the 
application of this idea, tbe telescope employed by the astronomer at the 
Cape of Good Hope admitted of aneyeglassof such magnifying power 
that moving objects on the surface of the moon were observable, and 
men and animals of remarkable forms were actnally.discovered. 

It is astonishing the eflect which tbe annunciation of these discoveries 
produced. Instead of detecting at once tbe scientific absnrdiliy of illu- 

13 8 ,1 C.ih>q|c 
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miiiatiDg a sbadow hi order that it might be more highly magnified, 
mau; persoDs, eveu professors iu colleges, gave the announcement 
credence, and thus added to the popularity of the hoax. This fraud 
•ved its succesa, io a great measure, to a waut, at the time, of precise 
scieutific knowledge in this country, and after the absurdity was pointed 
out the invention was cried up as a most extraordinary production, since 
those who had been hoaxed by it attribatcd their credulity to the inge- 
nuity of the deception rather than to their own want of knowledge. 

The success of this hoax has had an exceedingly bad inHueuce on the 
character of our country lor veracity. It was followed immediately 
after, and has been even down to the present time, by a series of con- 
temptible imitations; and, indeed, to such an extent was this iuiitatioa 
carried on a tW years ago, that scarcely any announcement of pbe- 
Domena of unusual occurrence could be accepted as truth. Among 
these imitations witbin a few years, the most successful, and one which 
evinced considerable readiug as well as ingenuity, was that of the 
pretended discovery of a series uf Itunic inscriptions on the iace of a 
rock in the Potomac Kiver near Washington. This was the iuvootion 
of a young student of law in this city, and excited quite a seusation 
among the archieologists of this and other countries. It was copied iu 
various ethnological journals as a truth, and was hailed by tbo Scandi- 
navians as a new evidence of the early explorations of the Korthmen 
io the United States. 

Such inventions must be classed with those practical jokes which have 
been happily termed "gymnastic wit," of which a notable example was 
given in England, where a "society" was founded for "insulting women 
and frightening children." The chronicler naively remarks that the 
members were never discovered, and, what is just as remarkable, the 
wit was equallya mystery. "Truth," says Dr. Johnson, "is a matter of 
too much importance to be tampered with, eveu in trifles." — J. H,] 

On the Permanent Impression of our Words and Actions on the Glohe we 
inhabit. 
The principle of the equality of action and reaction, when traced 
through all its consequences, opens views which will appear to many 
persons most unexpected. The pulsations of the air, once set In motion 
by the human voice, cease not to exist with the sounds to which they 
gave rise. Strong and audible as they may be in tbe immediate neigh- 
borhood of the speaker, and at tJie immediate momentof utterance, their 
quickly-attenuated force soon becomes inandible to tbe human ears. 
The motions they have impressed on tbe particles of one portion of our 
atmosphere are communicated to constantly-increasing numbers, bu» 
the total quantity of motion measnred in the same direction receives no 
addition. Each atom loses as much as it gives, and regains again from 
other atoms a portion of those motions which they in torn give up. 
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The waves of air thus raised perambulate the earth and the ocean's 
surface, and in leas than tweoty boars every atom of its atmosphere 
takes np the altered movemeot due to that infinitesimal portion of the 
primitive motion vhich has been conveyed to it through countless 
chaunels, and vhich must continue to influence its path throughout its ' 
futnre existence.* 

But these aerial pulses, unseen by the keenest eye, unheard by the 
acutest car, nopereeived by human senses, are yet demonstrated to 
exist by human reason ; and, in some few and limited instances, by call- 
ing to oar aid the most refined and comprehensive instrument of humnn 
thought, thoir courses are traced and their intensities are measured. 
If man ecjoyed a larger command over mathematical analysis, his knowl- 
edge of these motions would be more extensive; bat a being possessed 
of nnbouiided knowledge of that science conld trace every the minutest 
consequence of that primary impulse. Such a being, however far 
exalted above our race, would still be immeasurably below even our 
conception of infinite intelligence. 

But supposing the original conditions of each atom of the earth's 
atmosphere, as well as all th&oxtraneous causes acting on it, to be giv^n, 
and supposing also the interference of no new causes, such a being 
woDid be able clearly to trace its future but inevitable pate, and he 
would distinctly foresee and might absolutely predict for any, even the 
remotest period of time,t the circumstances and future history of every 
particle of that atmosphere. 

Let us imagine a being, invested with such knowledge, to examine at 
a distant epoch tbe coincidence of the facts with those which his pro- 
found analysis had enabled him to predict. If any the slightest devia- 
tion existed, he would immediately read in its existence the action of a 
new uuuse; and, through the aid of tbe same analysis, tracing this dis- 
cordance back to its source, he would become aware of the time of its 
commencement and the point of space at wbica it otiginated. 

Thus considered, what a strange chaos is this wide atmosphere we 
breathe 1 Every atom, impressed with good and with ill, retains at 
once the motions which philosophers and sages have imparted to it, 
mixed and combined in t«n thousand ways with all that is worthless 
and base. The air itself is one vast library, on whose pages are forever 
written all that man has ever said or woman wbispCLCd. There, iu their 
rontable but nnerring characters, mixed with the eariiest as well as with 
the latest srghs of mortality, stand forever recorded, vows unredeemed, 
promises unfulfilled, perpetuating in the nuited movements of each 
particle, the testimony of man's changeful will. 

But if the air we breathe is the never-failing historian of the sentiments 

*"La<Knirbedterit«pHruDeHiiDp1oiDoliScuIed'airoa vupearBeatrtfgliSed'uDoiiiBiiibTr 
ansii certaiu quo )w orliilies plao^tairea ; il n'y a do diOiSreLico entre ulli-s <\a-i cello 
i}n'; met ngtre iguocaiice."— La Place, Tt^orie Analyiique det probaMilm, iairoduclion, 
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vre have uttered, earth, air and ocean are the et«mal witnesses of the 
acta we have done. The same principle of the equality of action and 
re-action applies to them ; whatever movement is communicated to aoy 
of their particles is transmitted to all around it, the share of ea4^ bein^ 
diminished by their number, and depending jointly on the number and 
position of those acted upon by the original sources of disturbance. The 
waves of air, although in maay instances perceptible to the organs of 
bearing, are only rendered visible to the eye by peculiar contrivances; 
but those of water otTor to the sense of sight the most beauUfol illustra- 
tion of transmitted motion. Every one who has thrown a pebble into 
the still waters of a sheltered ]k>o1 has seen the circles it has raised, 
gradually expanding in size, and as uniformly diminishing in distinct- 
ness. He may have observed the reflection of those waves from the edges 
of the pool. He may have noticed also the peri'ect distinctneas with 
which two, three, or more series of waves each pursues its own unim- 
peded course, when diverging from tvo, tJiree, or more centers of dis- 
turbance. He may have seen, in such cases, the particles of water 
where the waves intersect each other partake of the movements due to 
eitch series. 

No motion impressed by nat^iral causes or by human agency is ever 
obliterated. The ripple on the ocean's surface, caused by a gentle breeze, 
or the still water which marks the more immediate track of a pooderouo 
vessel gliding with scarcely expanded sails over its bosom, are equally 
indelible. The momentary waves raised by the passing breeze, app:i- 
reutly born but to die on the spot which saw their birth, leave behind 
tliem an endless progeny, which, reviving with dimiuisiied energy in 
other seas, resisting a thousand shores, reflected from each, and per- 
haps again partially concentrated, will pursue their ceaseless course till 
oceau be itself annihilated. 

The track of every canoe, of every vessel which has yet disturbed the 
surface of the ocean, whether impelled by niaunal force or elemental 
jtower, remains forever registered in the future movement of all suc- 
ceeding particles which may occupy its place. The furrow which it 
'eft is, indeed, instantly filled up by the closing waters ; but they draw 
after them other and larger portions of the surrounding element, and 
these again once moved communicate motion to others in endless suc- 
cession. 

The solid substance of the globe itself, whether we regard the minutest 
ino\eraent of the soft clay which receives its impression from the foot of 
animals, or the concussion arising from the fall of mountains rent by 
earthquakes, equally communicates and retains, through all its couut- 
less atoms, their apportioned shares of the motions so impressed. 

While the atmosphere we breathe is the ever-living witness of the 
sentiments we have uttered, the waters, and the more solid muteriuls 
of the globe, bear equally enduring testimony of the acts we have com- 
mitted. 
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If tbe Almighty stamped on the brow of the earliest murderer the 
indelible and visible mark of hia guilt, he has also established laws by 
^hieh every succeetliag crimioul is uot less irrevwiably cbaiaed to tbe 
testimoDy of his crime ; for every atom of his mortal frame, throngh 
whatever cbauges its several particles may migrate, vill still retain, 
adhering to It through every combiuation, some movement derived from 
that very mnscular effort by which the crime itself was perpetrati-d. 

The soul of the uegro whose fettered body, surviving tbe living char- 
nel-house of bis infected prison, was thrown into the sea to lighten the 
ship, that bis Christian captor might escape the limited justice at length 
assigned by civilized man to crimes whose profit had long gilded their 
atrocity, will need, at tbe last great day of hnman account, no living 
witness of his earthly agony. When man and all his race shall have 
disappeared from the face of our planet, ask every particle of air still 
floating over the nnpeopted earth, and it will record the cruel maudate 
of the tyrant. 
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L DISCOUBSB DELIVEBBD BY RBV. KUPUS P. STEBBQia, D. D^ 



Agaesiz is dead I Science weeps, and Beligion mourns. Nature 
Las lost a Mend, and asks, "Who will now read the inscribed leaves of 
my rocky tablets witli such loving euthnsiasmT Who will now study 
and describe all liviog things with snch sympathetic admirationl" 

Agassiz is dead I Ko more will he walk the gray cliGfe of Nahant, 
lifted into communion with highest themes by the voice of the oceau^s 
aotheiul No more will be traverse the coral reefs of Florida to learn 
how promontories and islands are built by the tiniest and frailest of living 
tbiugsl Ho longer will be visit the high Alps, and measure the velocity 
and force of its great rivers of ice, to teach as bow the rocks have been 
carved on the mountain-tops, and scattered over the valleys! No longer 
will he dredge the depths of the ocean to astonish the world with the 
living creatures which have their home a thousand fathoms , below tbe 
storms! No longer will be examine with kindling enthusiasm the ger- 
miuatiBg 'egg under his microscope, and thrill the scientific world with 
delight as he announces some new phenomenon, iltnstrating some uew 
method of the divine order! No more will he be seen in bis mnseum, tbe 
' pride of bi» heart, tbe joy of his life! Never again will he visit Penikese, 
where, with such ardor he last summer opened his new school to study 
living nature and not merely tbe printed page, and where he, the man 
of science, paid snchamemorabletributetoreligionl* KomtH^shall we 
meet that regal form, look into that beaming face, grasp that warm baud, 
bear those wise and cheering words! His personal work here is done. 
But be has inspired thousands to press after the truth; he has founded 
an institution which will live afterliim in ever-increasing efficiency and 
usefulness. His praise will be spoken by tongues in all languages, in tbe 
most ancient and renowned universities of tbe world. Thousands of 
hearts will mourn his absence in balls of science before whose as- 
semblies of the foremost scholars of two continents he laid the golden 
treasures of his researches with tbe simplicity and joy of a child. How 
many of his pupils, whose names are even now high authority, will 
forget the stern requirements of the teacher in their admiration of the 
man, and their gratitude for tbe enthusiasm with which be inspired them, 
the very accuracy of observation to which he compelled them I Thou- 
sauds of intelligent citizens will look iu vain for ttiose reported lectures, 
so transparent in style, so clear in description, which have been a joy aud 
a revelation to them for the last quarter of a century. 



• See "Prayer of Asassiz," by Whittier. 
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A{;nsRiz is dead! Well may the Qngn of bis adopted city tnll to hull- 
niiMt! VVult may the orator pause in the torreat of his arguineut aud 
drop a tribute to bis memory! Well may the bells of our uuiversities 
toll at the hour of bis fiiDeral, for he was not of one uoiversity but of 
all! Well may the academies of scieuce od both cootioents record bis 
worth ID memorial resolutions, for he was of both continents; nay, of 
the world! In the midst of this wide appreciation of the wonderful 
labors and discoveries of Agassiz, this universal showeriog of tributes 
upon bis grave, by the learned, the world-renowned ; I tremblingly bring 
my Hingle leaf to be lost among the pyramids of fiowers, of uo im- 
portance to the grateful pile, but of great importance to the promptiugH, 
the demands of my own heart. 

Louis John Uiidulph Agassiz was born May 28, 1807, in the parish of 
Uuttior, near Luke iKeufchatel, in Switzerland. 

jLad Xature, tb(> (tear old nurse, took 

Tlie chilli upon her kn«e, 
Saying, " H«re ia a story-book 

Thy FatLer bus written for thoe." 
" Cume, waud^r with me," abu said, 

" liito regions yet untrod, 
And read what is still unread 

In the manoHCTipts of Qod." 

Ho wafi of Huguenot descent, and his ancestors were driven from FrHu< e 
by the revocation of the ediut of Nantes. For six generations bis linciil 
ancestors had been clergymen. His mother was a woman of uncommon 
intelligence, atnl bad special oversight of bis early education, and ju.st 
pride in bismatui-e fame; and in after life, Agassiz illustrated the dept li ot 
bis gnuitude and Qlial love by laying aside his studies, from whicli notfi- 
ing else could call bim, to make the voyage to Europe aud the juurncj' 
to Switzerland, that be might once more receive his mother's blessing aud 
give her his own. 

At the age of eleven years youug Agassiz was sent to school at Bienne 
for four years, where he studied tlie ancient and mmlern languages, and 
amused himself by observing the habits of fishes aud collecting insects. 
During his vacations, spent at his father's new home under the shadow 
of the Jura, by the influences of a young clergyman named Fivaz, he was 
first inspired with a love of the natural scieuccs, and he became inter- 
ec4ted in botany. When fifteen years of age, Louis entered college at ' 
Lausanne, where he remained two years, and having determined to 
study metlicine he went to Zurich when he was seveuteen years old. 
where he remained two years. Wishing to avail himself of the U-st 
educators, he went to Heidelberg when nineteen, devoting himself to 
the study of anatomy and physiology aud zoology aud botany under 
such professors as Tiedemiinii, Lunckart, and Biscboff. But as the uui- 
vcrsity at .Mnnicli bad then been re-organized, with the most eminent 
scientists on the continent in its faculty, young Agassiz was attracted 
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thither in his twentieth year; for bis motto thna early in life seems to 
have been, "Ofin8trnctioD,tbe best; of im'estigatioii, perfection." Tbere 
were Oken and Martins and Schelling and DoUiuger, each of whom 
waa an original investigator and discoverer, founder even of some 
branches of science. He ^vas received to the intimacy of these emiuent 
men — a vast advantage, when there is manhood behind acquimlinus, and 
sense behind genios; otherwise, the sorest misfortone that can liefall a 
stndent. There yoang Agassiz reveled in all the hixDries of original 
investigations for four years. His fellow-stndents were delighted with 
the brilliancy of his discussions, and be was the inspiring genius of a 
select society of young men who were engagetl in scientific studies, 
which embodied so much talent and made such discoveries that it was 
called the Little Academy, and attracted the presence and participation 
of the professors. During these four years he published a few special 
papers. But he at odc« placed himself in the foremost rank of natural- 
ists by his discussion and chissification of the fisbes of Brazil, to which 
work he was assigned by his teacher Martins. It was pulvlished in 
Latin in folio. This was his first work, his first coatribution to uuturat 
science. 

Agassiz was now twenty-four years of age. His thirst for the study ot 
natural science had become so strong that he was diverted from the pro- 
fi?'suion of medicine which his parents wished him to adopt, and became 
au interpreter of nature. He lost thereby the paternal allowance, but 
gained mental independence. He took bis doctorate of philosophy at 
Erlangeu with distinction, after an unusually severe examination. He 
obtained bis degree of doctor of medicine in the same year at Munich, 
and maintained in his thesis the 8U[>priorlty of woman to man. 

Agassiz was now a graduate with high honors, and with the world 
before him as an inheritance — the world full of richest fields to be 
explored. For twenty-two years, till bis coming to America in 1840, he 
gave himself with most unbounded enthusiasm and herculean labor to 
wiginal investigations ; spending weeks over his microscope in obserring 
the changes in the processes of the growth of animal life from the germ to 
the mature form ; following the courses of rivers and visitingthe dificrent 
basins of Europe to determine the distribution of its fishes ; traversiug 
the lake-shores and mountains of Switzerland to learn the causes of the 
erosion of the rocks and the transportation of the bowlders; visiting 
England and Scotland to compare the insular with the coutiuental pbe- 
Domena; pitching his tent, season after season, upon the Alpine glaciers 
that he might study accurately their movements and force ; making the 
acquaintance of the princes of science and taken joythlly into their inti- 
macy — Humboldt, Cuvior, Baer, Owen, Murcbison; and, calling around 
him the most accomplished artists, in his own study, under bis own eye, 
he caused to be drawn from nature aud printed an outline of the results 
of iill these travels, observations, and acquisitions. First came his great 
T.ork on the "Satund History of the Fresh- Water Fishes of Enrope," 
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fiill of origianl snggestions, and proposing eome tbeoriea of local crea- 
tious, 'Which startled the scieDtiflc world, and whose diseutwion bns hardly 
j-et subsided. Then came his greater work on "Fossil Fisbes." He 
devoted seven years to the iuYestigation of the subject before he com- 
meiiced publisbiug. fie visited all the great collections in Europe atid 
England, accompanied by a skillful artist to make his drawings. More 
than eighty museums, pnblic and private, nere visited by him, and from 
which he was permitted to retain eome of tbe most rare and precious 
spiwimens for many years that he might make bia work as perfect as 
possible by repeated and rigid comparisons. Tbe last sheets of this 
work came before the public in 1H44, having beeu in the press ten years, 
and coutainlDg tbe results of seventeen years' study, suck study as few but 
Agnssiz understood and accomplished. This work was iu five liirge 
volumes, with a folio atlas, containing four hundred platen. One thou- 
sand species are figured iu their natural size with the colors of their bt^ds, 
and seven hundred species more are partially represented and deseribed. 
New types of fishes were discovered, and a new classification was ren- 
dered necessary by the publication of this work. And hardly less im- 
portant was its influence upon geology than a[>oD ichthyology. The 
relative ages of different formations were more accnrately determiued by 
these fossils. The relations of the other classes of vertebrates were also 
discovered, and some very important general conclusions were drawn 
from tbese seventeen years' study of paleontology and collateral inves- 
tigations. Tbe indications of purijose, of designed arrangement every- 
where discovered, not only in the teeth of tbe fossil shark but also in tbe 
arm of a polyp, so impressed his mind that he affirmed tbe "existence 
of a 8Ui>erior intelligence to have been established hy rigid demonstrntion 
and on ti truly scientific turns." "Have we not," he exclaims at tlio close 
of his work, after summing up its great facts, "havetve not here proof of 
tbe existence of a mind as powerful as prolific T the acts of an intelligence 
aa sublime as providentT the marks of goodness as iu^nite as wiset 
ThD moat palpable demonstration of the existence of a personal Qod, Author 
of all things. Ruler of the untrerse, and Dispenser of all good f This, at 
least, is what 1 read in the works of creation." The great paleontologist 
was led from Natui'e up to Nature's God. 

While Agassiz was preparing this great work for tbe press, a labor 
one would suppose equal t« any student's strength, and sufiTicient to 
gratify any stadent's ambition, he made most elaborate original investi- 
gations, and published monographs, upon " Fossil and Living Radiates 
and Mollusks," accompanied with fnU descriptions of their habits and 
relations. Dnring the same period, as if his strength was as inex- 
haustible as the fields of science which he cultivated, he published his 
*' Zoological Nomenclature," {Nomenclator Zoologieus,) containing the 
mimes of all the genera in the animal kingdom, and the names of the 
students who first proposed them, and the time when they weix' given. 
And to this he added another and very im^wrtant worki the " Librtu'y 
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of Zoology and Geology," {Bibliotheca Zoologies el Qeologim,) in whicii lie 
gave a list of the works of the authors named to the former j)ublieatioa, 
witli such notices as they seemed to demand. It was pabtished in Eng- 
land iu four lar^ octavo volumes. 

But the work of these seventeen years is not yet all told. For nine 
years Agassiz spent his summer-vacations among the Alps. He pub- 
lished two verj' able works containing the result of his observations, 
and including the germs of his "Glacial Theory," which he afterward 
announced, and which ia now one of the greatest objects of interest to 
the geologist And still more : during foiu1«en of these seventeen years 
he was professor of natural history in the College of Neufchatel ; and 
a most enthusiastic teai^her he was. His fame became co-esteusive 
with civilization. The scientiflc societies and learned academies of both 
the old world and the new hastened, in generous rivalship, to do them- 
selves the honor of recognizing bis unsurpassed merits as a student of 
nature. The prizes of successful investigations and new discoveries 
were received from kings and emi>erors. Learned degrees were con- 
ferred upon bim by the great universities of the continent and of 
England. His name was a synonym for scientific genius, indomitable 
labor, and brilliant achievement. Having become familiiir with the 
scenery and the Sora and fauna, both fossil and living, which beautifie<l 
and inhabited the old world, or were buried in its sepulchers, a new world 
was given him to conquer. 

In I84C, at the age of thirty-nine years, he received from the King of 
Prussia, at the suggestiou of Baron Alexander von Humboldt, a com- 
mission to visit the United States, and make explorations iu behalf of 
science, and at the same time he received an invitation to cooie o\er and 
deliver a course of lectures before the Lowell Institute in the city of 
Boston. 

At this time there were very few scholars in the United States who 
bad given any special attention to the higher problems of zoology. 
Most of the studies in regard to it had been confined to the description 
and classification of new species, and there was not iu all our colleges a 
single chair devoted to instruction in this branch of natural history. 
There was, however, an awakening attention loit; thestudy of the micro- 
scope bad been introduced, and the use of this instrument was beginning 
to l>e applied to the verification of the discoveries which had been made 
in Europe. Agassizcame atthisperiod of awakeidng, bringing with him 
a European reputation, miraculous stores of knowledge at jterfcct com- 
mand, years of experience as teacher and out-door observer, with a most 
winning and commanding presence; fascinating as a lecturer, though 
pronouncing our language quite imperfectly; magnetic in bis influence 
upon hearers, so that those who left his presence knew not which had 
most captivated them, the perfectness of his knowledge, the traust>arencf 
of his descri[>tions, or the warmth of his heart. 
His lectures were crowded. He took Boston, aa it were, by storm. 
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Tbe lecture of tbe evening was repeated the next arternooii, and tstil' 
there waa not room ; still there were ausatisfled ears ; still there were 
longing hearts. He met the litUe coteries of amateurs, and amazed 
them as he narrated the length and persistency of his observutious of 
(tome of the changes and transformations of the lower forms of living 
creatures. One of the most eminent of the microscopists of the city 
stated to a club the results of three or four days' observations of Kome 
objects under his glass ; and those obtained were so meager that he had 
laid all further inquiry aside. A discussiou was started, and after au 
espressioD of opinion from different members respecting the practicalnliti/ 
of obtaining any satisliactory results as to tbe subject under investi- 
gation, Agassiz, their guest, was called upon for his opinion. lie amazed 
them all by saying that he had made an investigation of this subject, 
but iustead of continuing it only three diiys, he bad continued it tbr mx 
weeks, night and day, at regular intervals, so that no change could take 
place without hia notice, and the result was most satisfactory, con- 
firming his coiyectures respecting the class in tbe animal kiugdoiu to 
which the objects should be refeired. " Six weeks, night and dot/ ! " 
Our amateurs had uot dreamed of such persistent labor, ^or did they 
dream of it in the future, but commenced to practice it in the present, 
and, under the influence of Agassis, were tranefoiined from mere ama- 
teurs to working zoologists. 

ludeed, such was tbe effectof tbe sympathy and enthusiasm which he 
exerted that, thenceforward and to-day, you will find mcrebant- princes 
and bankers of Bostou hastening, after business-hours, not to club-rooms, 
but to their homes, to seat themselves at the eye-glass of their expensive 
microscopes to continue their observatious of the habits and trantifor- 
niatiotis of tbe crowded population of a drop of sea-water or a spray 
of alga. Tbe spirit of Agassiz took possession of their souls. 

But I am running before my story. The brightness of its termination 
has attracted me from the less brilliancy of its commencement. Dut to 
trace with any minuteness the labors of Agassiz for the last twenty-six 
years ol bis life in this discourse would be impossible. It would be almost 
like writing tbe history of some branches of science. 

His tirst course of lectures was fully reported in one of tbe Boston 
papers, together with the illustrations which he gave on tbe blackboard. 
He was at once called upon to lecture iu the gi-eat cities of the country, 
and overwhi'luied with invitations to meet with scientific societies and 
social assemblies. Tbe latter he almost invariably declined; the former 
he as uniformly accepted. 

His commission from the King of Prussia introduced him to our Gov- 
ernment, and he was invited as a guest on boai'd the vessels of the Coast 
Survey, and dredged the ocean along our coast, gathering new and 
abundant specimens for future examiuatiou. 

The next year, 1847, the Lawrence Scientific School was founded at 
Cambridge in connection with Harvard University, and Agassis was 
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appointed in this professor of geology and zoology. He now determined 
to make this country bis borne, and sent for a discharge &om bis commis- 
sion given by the King of Prussia. It was granted him in the assur- 
ance " that wherever he took np his abode, his time would be employed 
to the best advantage of science." ^ 

At this time there was no collection of specimens of zoology in America 
which woDld compare for a moment with the museums of the Old World ; 
and it now became with Agassiz auabsorbiug passion of his life tofonnd 
one which should rival the richest that the ambition and wealth of emper- 
ors and empires had established. His enthusiasm sent collectors to the 
steaming bayous of tbeOnlf, the frozen coast of Labrador, and around the 
unexplored shores of the northern lakes. He inspired with one purpose 
youug and old, on land and on sea. The Pacific as well as the Atlantic 
coast was bis tribntary. Every ship brought him some contribution 
Every train paid tribut« to his accumulating riches. Traveling from 
city to city, and cbarining as well as instrncting by his lectures, he en- 
listed young and old in his great enterprise till it seemed as if the whole 
po]tnli)[ion of the country were bis agents or assistants. Stored iu barns, 
in warehouses, in cellars, and in attics, Cambridge was full of packages 
for the musenm. The honr was fully come. He now turned his ba<;k 
more (iromptly and flnuly against all temptations to abandon bis great 
purpose. To an offer to give bis knowledge and genius to the ad- 
vantage of a great i)ecnniary undertaking which would have poured a 
fortune into his lap, he simply replied, "2 have no time to malce money." 
When Napoleon, at the recommendation of the academy, invited him to 
the highest scientific position in France, and intimated, not obscurely, 
that as a citizen of France it was hardly right or honorable for him to 
give his transcendent talent and world-wide Came to a new and un- 
scientific country, and not to add to the renown of the institutions of the 
land of bis ancestors enriched by im|>erial bounties and honors, he re- 
plied in substance that he was not a citizen of France, and that his 
family and ancestors owed nothing to France but exile and poverty ; 
that he prized more highly the spontaneous gratitude and gifts of a free 
people than the patronage of emperors and the formal regard of nobles. 

His great work, " Contributions to the Natiu^l History of the United 
States," had been commenced ; the school which his wife had opened in 
bis house for young ladies, to aid iu supporting his famUy, was in full 
success and received daily lectures from him ; he was overwhelmed, not 
only with correspondence on scientific sulgects fi-om all parts of the 
world, but. with 6i>ecimen8, so that the neighborhood of his work-room 
often aptteared like the storehouse of an importer. The college bad 
already purchased his earlier collections to enable him to collect more. 
Afler ticelee years of indefatigable labor, the mass of materials had 
become simply euormons; and there was no place to store them in 
secnrily, much less any place where they could be either exhibited 
or Hludied. What conid be done! The will of Francis C. tiniy, of 
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Boston, wae at this moment opened, and a bequest of (50,000 wa« 
fonnd for the moseum. This was the first ray of morning, sbowijig 
tiiat the day was coming from behind the monntaius. 

A^rassiz seemed filled with a prophet's entbosiasm and assurance; 
his face shone brighter and brighter as the day advanced. Seventy 
thousand dollars were raised by siibscription in Boston and its vicinity in 
» few months, and the next winter the great scientist, with the faith of 
a saint and tJie prospect of a martyr, went before the Massachusetts 
legislature ot farmers and meehamcs to ask for $100,000 to aid him 
in his work! Bemember this was immediately after the nnivei-gnl 
bankruptc>of 1857. What a hopeless mission, to ask, under swh cir- 
uumstances and of such men, an appropriation of one hundred thonsand 
dollars to promote purely scientific inquiries ; to aid in gathering rocks 
and bones and fishes and shells and insects, and erecting a building 
in which to store them! But Agassiz's enthusiasm was so great that 
there was no room for doubt; he could not disbelieve; he would net 
hesitate. He met the committee of the legislature appointed to hcai' 
liim explain his proposition. The hearing was in the hall of the house of 
representatives, and all the members of both bodies of the legislature, 
allured by his fame, crowded to hear him. Incarnate science stJiuds in 
tliepresenceofincamat«expediency,timft,audpalpableeeonomyl What 
conld he sayt The great interpreter of nature made no appeal to love 
of gain. He could promise no golden treasures in return for their bounty. 
He did not tell them that he oould make the crops more abundant, 
the soil more fertile, tbe fabrics more marketable. He said that ho 
would have the wonderfiil works of nature, of Ood, better illustrated, 
more carefully studied. He would have Maasaehusetts — and here with 
consummate adroitness he touched the tenderest spot in the sensibilities 
of the old Bay State — keep the lead in the great educational movements 
of the century. He had determined to give his life to tiiat end if she 
would aid kirn I " My great object," these are his very wcuds, " is to 
bare a museum founded here which will be equal to the great museums 
of the Old World. We have a conttTient before us for exploration, wbith 
has as yet been only aktmnted on the surface. My earnest desire has 
always been, and is now, to put our universities on a footing with thosu 
of Europe or even ahead of them.'* Science was honored in the presen- 
tation of her representative. Neither party nor pelf soiled tbe whiteness 
of her robes. But when tbe question came before the house for con- 
sideration an attempt was made to throw ridicule on the proposition by 
destgiiatiug tbe establishment where science was to be honored a " Pat- 
ace for Bugs." But this attack was repelled; the appropriation asketl 
for was granted, and Agassiz triumphant, with over two hundred thou- 
sand dollars at his command, broke ground for his "Mnseom of Compar- 
ative Zoology." 

At this period I became personally acquainted with him. His hands, 
his heart, his head, were full. Fortunately be had matured his plan for 
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his building during previoas years. He had introdaced into it all the 
excellencies of the best museums of Europe, and added many which his 
own experience had suggested. It was to cover three sides of a square, 
find but ha)f of one of the wings was to be nudertakeu at this time. He 
would build as he needed, but pernianeutly and perfectly for all coining 
time. And when it was finished and filled with specimens, like the 
widow's cruse of oil, everything was still full ; hundreds of precious 
packa^res still nuoi)ened; hundreds of capacious casks still untouched. 
For once the great heart of Agassiz faltered; his hands fell helplessly 
by bis side; he stood still. The pause was but for a moment; the em- 
barrassment was one of riches. He saw in vision the wall^of the rest 
of the wing arise, and he now set himself to accomplish it He went to 
the Amason, sent out by a princely banker of Boston, who gave him a 
carle blanche, to draw on him for whatmeans he required. With an en- 
thusiasm which consumed bis very life, regardless of exposure, shrinking 
from no labor, he navigated and forded rivers, penetrated thickets, and col- 
lected treasures for his future cabinet^, which amazed himself and his 
euthusiasticand laborious companions, when they arrived at Cambridge. 

The legislature again aided him. Congress remitted the tariff on 
the alcohol needed for the preservation of his stores. With lecturing, 
writing, collecting, arranging, his active brain grewdizzy, his broad shoul- 
ders bowed, his firm step trembled. He must close his books; be must 
leave his laboratory; he must not read ; he mast not think ; he must take 
himself away from all inquiries, and rest. I met him in his exile at 
the White Mountains when he was convalescing. He greeted me with 
his usuiU cheerful heartiness, and thanked me with his usual cordiality 
when I expressed a confident expectation of seeiug him soon in the mu- 
Bi^um iit Cambridge. But he never regained his former health. The work 
at the museum, however, went ou uuder his general supervision. The 
ad<]ition to the wing was completed, the shelves, the cases, the jars all 
filled, and still the masses of bis collections were hardly perceptibly 
diminished. 

He WHS again working ton hard. Arrangements were made to allnre 
him li-om his tasks in Cambridge by holding out to him greater attrac- 
tiouB. He was invited by Professor Pierce to make a voyage in a Coast 
Survey vessel around Cai>e Horn to San Francisco; and her com- 
mander was instructed to give him such opportunities as he desired 
for dredging in deep water, and making inland excursions when possible. 
Accompaaied by his wife and his intimate scientific friend, Kev. Dr. Hill, 
ex-president of Harvard University, and one or two others, he per- 
formed the voyage with his usual success in the line of new discoveries 
and abundaut'Collections. Landing at San Francisco, he was welcomed 
with an ovation worthy of the he^d of a nation. Here his enthusiasm be- 
came epidemic, and a scientific spirit was awakened which has resulted 
in an endowment for its advancement of a million of dollars. He re- 
turned to Cambridge much improved in health by his voyage, and gave 
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bimself agniD to the examination and arrangemeDt of the great storos 
of bis recent collection, Tfith a devotion and eutliusiasni wbicb dlled ttie 
beai-ts of his friends with fear lest be should again break down. Bat 
be could not refraia from living among his treusares, and directing the 
orderly and scieotiflc study of everything. And so perfectly was it 
dune, that Id bis last report he says, " Tbe scientific officers of tbe 
maseam have so efficiently carried on the work ' that the past year has 
I>roved heyond question tbat it is now so organized (vitalized as it 
were with tbe spint of tbought and connected with work) that my 
presence or absence is of little importance. It will keep on Us course 
without any new or repeated stimulns beyond tbe necessary appro- 
priations for itfi maintenance." 

It would seem that there was now nothing left for him to do but to 
fold the robes of half a century's labors and honors around him and 
watch the descending sun. No, rest was not for him. He would work 
while bis pulse beat, and he planned to open a ftee school at Nantucket 
for tbe instruction of all who wished to avail themselves of its privi- 
leges, in the investigation of living objects. Mr. Anderson, of New York, 
LeanI of bis purjiose and generously pre8ent«d him with tbe island 
Peiiikeae for tbe purpose. Agassiz unhesitatingly accepted tbe princely 
offer; be could not let the golden opportunity pass. His friends 
were troubled. But bis enthusiasm sustained his diseased frame and 
carried it through the exhausting labors and excitements of the work. 
Sometimes bis weakness conquered his resolution, and then he said, " I 
want rest; I am ready to go; I am tiredl" Great soul! No wouder 
thou wast tiredl No wonder thou didst pine for rest I " But," be con- 
tinues, " I will work while I live. While I have strength I will laborf* 
and he arr:inged courses of lectures and series of investigations, and an- 
nounced that be desired to die with tbe harness all on, the dust on bis 
sandals, tbe word on bis lip, tbe sketch on the blackboard, the object under 
tbe glass. And his prayer was answered. His first article of a long 
aerieswas going through the press; tickets were sold for his lectures in 
New Haven, New York, and Washington. Ue had just returned to bis 
home from his favorite laboratory in his museum, and — the curtain fell; 
not thick and impenetrable, but thin and translucent; and for a few 
days slight communications passed, and then all was still. Agassiz 
•Kas dead! Nay, not dead. He was translated to fields whose glory 
and luxuriance will furnish opportunities of research which no gorgeous- 
ness of tropical abundance can rival. Every living thing has lost a 
friend, an interpreter; every student of nature a guide and inspirer. 

Such ia a f/ItmjMe of the gigantic labor which this devoted student per- 
formed; such is a hint of the success which he achieved. It would be 
difBcolt to t«ll which most kindled his enthusiasm, obtaining or impart- 
ing knowledge. How his face shone, how his whole massive frame 
trembled, when he discovered some new phenomenon I How his eyes 
beamed when he narrated bis discovery I I have heard him pour out tbe 
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storea of knowledge derived from new iiirestigatioiie Iwfore the 
savante of this coDtiDent with the simplicity und self-forgetfulncss nith 
which a child woald pour its toys into your lap; luid I have heard him 
talk with apparently equal interest before a vompaoy of farmers antl 
mechanics, whose knowledge of nature was almost infinitesimal Yet he 
was most exacting of his students, sometimes even to a discouraging 
severity. He would aay, "There is the subject, there are the tools; tell 
me what you can learn about it." Perhaps the seventy of his own methods 
prevented his ItiUysympathizingal ways with the struggling, discouraged 
student. But one thing is clear, those who gunived the fiery ordeal are 
among the foremost in their departments everywhere; and if they carry 
scars of their hard warfare, they are not of shame bat of honor. They 
ar > all in frout. 

One of the most marked features of Agassiz's mind was its tendency 
to discover analogies, relatioua. Severe as was his scrutiny of partlcu- 
liu^, marking the slightest variation tiom the typical form, things were 
Dot independent and unrelated, but parts of one great whole. His gen- 
eralizations were as oompreheusive as his examinations were minute. 
He saw system, provision, adaptation, everywhere. He had so pene- 
trated the divine purpose, he had become so imbued with the methods 
and the forms of nature, that he could draw a whole from uiy part of 
a figure, and predict the image of an inhabitant of an unexamined zone 
or stratum. This ability, partly natural, partly acquired, enabled 
Agassiz to pertbrm marvels in discovery. A solitary scale of a uew 
species of fish was found in the fossiliferous rocks of Scotland. As 
no naturalist of the island could determine, and- hence delineate, the 
species of fish to which the scale belonged, it was sent to Agassiz, 
then residing in his home in Switzerland, to see if he could con- 
struct the fish from the scale, giving its size, form, and probable 
habits. He examined the scale; determined what the size and form 
of the fish must have been; made a drawing of it; gave a full 
description of its habits : and returned the scale with his monograph and 
drawing to Scotland. Now it so happened that while Agassiz in his 
study in thoshadowof theAl[>s wascoustrueting this fish from a single 
scale, and describing its habits, a whole impression was found of a fish 
of the same kind or species as that whose scale had been sent to him. 
The Scotch naturalists were excited with iutensesC curiosity to learn 
whether he, with a single scale, would be able to correctly draw and 
describe the fish. What was theirmmgled delight and astonishment on 
opening his communication to find that he bad so accurately figured and 
described theflsh that hardly a line of bis drawing needed to be erased 
or changed that it might oouform to the original recently foaud. 

Not only was bis knowledge of tlie structure of fishes so perfect 
as to enable him, from a single scale, to oonstrucl the whole fish, but his 
knowledge of the period in which the different families and species of 
fishes existed ui>on the earth was such, so accurate, so minate, Uiat he 
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conid predict the kiDd of flsbwbose remaina wotdd be found m any given 
deposit or stratum sboald the discovery of auy such fossil be made. A 
remarkable instance of bia sagacity in this i-espect is related of him wUeu, 
in early life, he visited Eugland by invitation of the British Association 
for the Promotion of Science, to attend the annual meeting of its most 
eminent scholars. The students of the natnral sciences in the island 
determined to pnt his knowledge of comparative zoology to the 
test, and to a crucial one. A fossil fish had very recently been found 
in a rock which was so low in the series that it tras not supposed that 
any organic remains were deposited in it, and it had been classed with 
the azoic rocks. Agassiz was not aware, of course, that any such dis- 
covery had been made. At one of the sessions of the section in ichthy- 
ology, one of the members, in the course of the discussion, asked him 
what the structure and habits of the Hsb of that period would probably 
be if any remains should ever be discovered in the rocks then de- 
posited. Agassiz WHS silent for a moment, and then, after a few 
suggestions in regard to the order observed in creation as known, be 
stated in a few words what he believed the size and structure of the fish 
would be, and, stepping to the blackboard, and taking the crayon, with a 
few basty strokes he drew the form and general structure and appearance 
of the fish of that age, should it, indeed, be discovered; the possible Jigk 
which the harmony of nature would demand. After he bad finished his 
Rketch and take.i his seat, what was the mingled surprise and de- 
light of the members of the section not in the secret, when one of 
them stepiied forwanl and removed a screen from the wall, revealing 
the (ablet on which was the fossil, of just such proportions, of just such 
form, of just such structure as the one that Agassiz had drawn upon the 
blaekboard. To such an extent had this great scientist advanced in a 
knowledge of the plan of God in nature. 

He was eoiincntly a religious ^nd a devout man. He was ever 
looking for the indications of thought and puqjose in nature from 
monad to mastodon. He studied natare as the work of an intelligent 
mind, not of blind forces. The more he discovered. of order, the more he 
peireived of intellect. This vast display of animate and iuanimate na- 
ture was to him the result and perpetual expression of the dirine tJwught, 
a revfJatioii of Ood. How I have seen his face glow as he descrit>ed some 
of the most sb'ikingof the evidences of intellectual action in nature! He 
has been accused of weakness for yielding to such impressions, advanc- 
ing such opinions. It was bis great glory not to esteem the thing above 
the thought, the product above the producer. To see behind adapted 
form!* a pun>o8i"g mind is not a weakness, but a necessity for every 
comprehensive miud. The studies of Agassiz did not lead him into the 
mire of materialism nor the deserts of pantheism nor the dreary solitudes 
(if atheism, but to the sublime ideas of God and immortality. 

Yes; Agassiz wjis reverent. Said he to his class at Penikese, "The 
study of natare is direct intercourse with the highest mind. It in 
14 s ■ 
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unn'orthyaD iDtelligent being to trifle witli the works of tfae Creator. A 
laboratory of natural history is a sanctuary, io which nothing improper 
sbonld be exhibited. I would tolerate improprieties in a church ae soon 
as in a scientific laboratory " and In this npirit he did his work. May the 
Bame pervade all the investigations of bis pupils and compeers I 

Behind all bis eminent attainments in science, Agassiz stood one of 
nature's noblemen, equally at ease in the presence of emperors and 
peasants; he could' speak a word that would charm a child or delight a 
philosopher. He wa^ too great to be distant from any one. Only little- 
ness is distant, inaccessible. With what pitying sympathy woald he listen 
to the story of the perplexed and discouraged inquirer, and how his 
words of instruction sent him away joyous as the morning ! 

Did be sometimes err T In the midst of his million cares and crushing 
burdens was he sometimes severe, merciless, if yon please, in his exac- 
tions f Bemember that with all his manelous attainments, and yet 
more marvelous capacities to attain, he was still a inan of like pas- 
sions with us. But as a man he was such a one as we shall not soon 
look on his like again. The memory of hours spent with him wilt be 
evermore precious. The sweet tones of that musical voice will linger 
long in many a hall and laboratory and heart. 

Of the value of many of bis theories it does not become me to speak. 
They must be tried in the furnace of freest and fullest investigation. 
But however many of them may be proved to be dross, enough, I doubt 
not, will come out of the trial approved, to place him in the rank of 
the great discoverers of the nineteenth century. And Americiin scien- 
tists will DOW with one consent proclaim that bis instruction and entho- 
siasm have inspired and guided our ntudents so that from his arrival on 
these shores a new scientific era may be dated. And American theolo- 
gians, those whose blind eyes do not need cleansing iu some Siloam, will 
confess with grateful hearts their obligations to one who has opened to 
diem the great volume of nature, and taught them to read it reverently. 
And finally, when over bis grave, amid the fragrance and glories of 
Mount Aubam, his monument is erected, let it be a column entwined 
with wreaths and symbols of his life's work, and on it there be inscribed, 
"The Intekpeetee of Natueb, who looked fbom Natuee up 
TO Haiube's God." 
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SKETCH OF THE LIFE AND LABORS OF PROF. JOHN TORREY, 



COHIMBIA COLLEQE. NEW YOKK, UNITED STATM ASSAYER, AND FOR 
MANY YEARS AN ESTEEMED COLLABORATOR OF THE SMITHSONIAN IN- 
Sl'lTUTION. 



By Dr. Aba Uray, op HAiiVjtRD Collboe.* 



John Torrey, M. D., LL. D., died at yew York on the 10th of March, 
1873, in the seventy-seventh yearof his age. Hehas long been tbechief of 
American botanists, aud was at his death the oldest, with the exception 
ol the venerable ex-presidont of the American Academy, (Dr. Bigelow.) 
who entered the botanical field several years earlier, but left it to gather 
the highest honors and more lucrative renaxds of the medical profession 
abont the time when Doctor Torrey determined to devote bis life to 
sdeutific pursuits. 

The latter was of an old Kew England stock, being, it is thought, a 
descendant of William Torrey, who emigrated Irom Combe St. Nicholas, 
near Cbard, in Somersetshire, and settled at Weymouth, Mass., about 
the year 1040.f 

Bis grandfather, John Torrey, with bis son William, removed from 
Boston to Montreal at the time of the euforcement of the " Boston port 
bill." But neither of them was disposed to be a refugee ; for the son, 
then a lad of seventeen years, ran away irom Canada to New York, 
joined his uncle, Joseph Torrey, a ma^ot of one of the two light infautry 
regiments of regulars (called Congress's Own) which were raised in that 
city ; was made an ensign, aud was in the rearguard of his regiment 
on the retreat to White Plains ; served in it throughout the war with 

* From the piooaedinf^ of the American Academy of Arts Aud ScieocM. 

I Id soma notes fnniisbed by a moniber of tlio family, the detcent is endeavored to 
be traced tbrough the eldest of the five sods ivhoeurvived their parent, namely, Boniuel, 
irbo came ivit.h him frooi England, became a minieter of the GoHpol, luid bad the uD' 
pTPcedented bonoT of prencbing three electioD-sennoDS (in 1674, 16S3, and 169!>) aa 
well a« of UaTiug three tiroes declined the presidency of Harvard College, (after Hoar, 
after Oakea, and after Rogers.) Altboogh educated at tbe college, he waa not a gradu-. 
ale, because be left it in 1650, after three years' residence, jnst when the term for tbe 
A. B. degree was lengthened to fonr years. The tradition bua it that, " at the prayer- 
meetings of the students ho was generally invited to make the concluding prayer," . 
for wbiob unobvions reason suggests itself, for "sncbvi-ns his devotion of spirit that, 
after praying for two hours, the regret was that he did not continue longer." Students 
of the prescDt day are [irobably less exacting. 

Tbe desire to claim a descent through so eminent a member of the family is natural. 
But our late venerable associate, Mr. Savage, in his Dictionary of Early New England 
PamiUea, Btatea that he could not ascertain that Samuel had any childien. 
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boQor,at]d until at the close lie re-entered the city upon "Evacuation 
Day," when he retired with the rank of captain. Sloreover, tb© father 
soon followed the son, and became quartermaster of the regiment. 
Captain Torrey, in 1791, married Margaret Nichols, of New Tork. 

The subject of this biograiihical notice was the second of the issue of 
this marriage, and the oldest child who survived to manhood. He was 
born in New Tork on the 15tb of August, 1796. He received such 
education only as the public schools of his native city then aflbrded, 
and was also sent for a year to a school in Boston. When he was fif- 
teen or sixteen years old, his father was appointed fiscal agent of the 
state-prison at Greenwich, then a suburban village, to which the family 
removed. 

At this early age he chanced to attract the attention of Amos Eaton, 
who soon afterward became a well-known pioaeer of natural science, 
and with whom it may be said that popular instruction in natural 
history in this country began. He tangUt young Torrey the structure 
of flowers and the rudiments of botany, and thus awakened a taste and 
kindled a zeal which were extinguished only with his pupiPs life. This 
fondness soon extended to mineralogy and chemistry, and probably 
detennined the choice of a profession. In the year 1815, Torrey began 
the study of medicine in the office of the eminent Dr. Wright Post, and 
in the College of Physicians and Surgeons, in which the then famous 
Dr. Mitchell and Dr. Hosack were professors of scientific repute, he 
took his medical degree in 1818; opened an office in bis native city ; and 
engaged in the practice of medicine with moderate success, turning the 
while his abundant leisure to scientilic pursuits, especially to botany. 
In 1817, while yet a medical student, he reported to the Lyceum of 
Natural History — of which be was one of the founders — his Catalogue 
of the Plants growing spontaneously within thirty miles of the cily of 
New York, which was published two years later ; and he wns already, 
or very soon after, in correspoudence with Kurt, Sprengel,and Sir James 
EdwMd Smith abroad, as well as with Elliott, NuttidI, Scbweiuitz, and 
other American botanists. Two mineralogical articles were contributed 
by him to the very first volume of the American Journal of Science and 
Arts, (18I8-'19,) and several others appeared a few years later in this 
and in other journals. 

Elliott's sketch of the botany of South Carolina and Georgia was at 
this time in course of publication, and Dr. Torrey planned a counter- 
I)art systematic work Upon the botany of the Northern States. The 
result of thLs was bis " Flora of the Northern and Middle Sections of 
the United Statea, i. e., North of Virginia," which was issued in parts, 
and the first volume concluded in the summer of 1824. In this work 
Dr. Torrey first developed his remarkable nptitude for descriptive botany, 
and for the kind of investigation and discrimination, the tact and acumen, 
which it calls for. Only those few — now, alas ! very few — surviving 
botanists who used this book through the following years can at all 
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appredate its value and influence. It was the fruit of tbose few bat 
precions years wbicb, seasoned with pecuDiary privation, are in tbis 
couutry DOt rarely vouchsafed to an investigator, in wbicb to prove his 
quality before be is baply overwhelmed with professional or professorial 
labors and dnties. * 

In 1824, the year in which the first volume (or nearly half) of his Flora 
was published, he married Miss Eliza Eobinson Shaw, of f^ew York, and 
was established at West Point, having been choaeu professor of chcm- 
istrj', mineralogy, and geology in the United States Military Academy. 
Throe years later he e.vchanged this chair for that of chemistry and 
botany (practically that of chemistry only, for botany had alreaily been 
allowed to fait out of the medical cnrricnlum in this country] in the Col- 
lege of Physicians and Surgeons, New York, tben in Barclay street. 
The Flora of the N^ortbcm States was never carried further, although 
a " Compendium," a pocket- volume for the field, containing brief char- 
acters of the species which were to have been described in the second 
Tolame, along with au abridgment of the contents of the first, was 
issued in 1S26. Moreover, long before Dr. Torrey could find time to go 
on with the work, he foresaw that the natural system was not much 
longer to remain, here and in England, au esoteric doctrine, confinol 
to profound botanists, but was destined to come into general use, and to 
change the character of botanical instruction. He was himself the tii-st 
to apply it in this country in any considerable publication. 

The opportunity for this, and for extending his investigations to the 
Great Plains and the Rocky Mountains ou their western boundarj-, was 
furnished by the collections placed in Dr. Torrey's bauds by Dr. Edw-n 
James, the botanist of Major Long's expedition in 1S20. This expedi- 
tion skirted the Rocky Mountains belonging to what is now called 
Colorado Territory, where Dr. James, first and alone, reached the farm- 
ing alpine vegetation, scaling one of the very highest summits, which 
from that time and for many years afterward was appropriately named 
James's Peak ; although it is now called Pike's Peak, in honor of Geu- 
eral Pike, who long before had probably seen but had not reached it. 

As early as the year 1823, Dr. Torrey communicated to the Lyceum 
of Natural History descriptions of some new species of James's collection, 
and in 1S26 an extended account of all the plants collated, arranged under 
tbe natural orders. This is the earliest treatise of the sort in tbisconntr^-, 
arrangeil upon the natural system ; and with it begins the history of the 
botany of the Rocky Mountains, if we except a few plants collected early 
in the. century by Lewis and Clark, There they crossed them many de- 
grees brther north, and which are recorded in Pursh's Flora. The next 
step in the direction ho was aiming was made in the year 1831, when he 
superintended au American reprint of the first edition of Lindley's In- 
troduction to the Natural System of Botany, and appended a catalogue 
of the North American genera arranged according to it. 

Dr. Torrey took an early and prominent part in the investagation of 
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the United States species of the vast genas Carex, which has ever since 
been a favorite study in this eoantry. His frieud, Von Bcbweioitz, of 
Bethlehem, Pa., placed in his hands and desired him to edit, during 
the aathor's absence in Europe, his monograph of North American 
Oarices. It was published iu the'ADnols of the New York Lyceum, in 
1835, much extended, iudeed almost wholly rewritten, and so much to 
Schweinitz's satisfaction that be insisted that this classical monograph 
"should be considered and quoted in all respects as tlie joint production 
of Dr. Torrey and himself." Ten or eleven years later, in the sacceed- 
ing volume of the Annals of tbe New York Lyceum, appeared Dr. Tor- 
rey's elaborate monograph of the other North American Cyperace*, 
with an appended revision of the Carices, wbicb meanwhile had been 
immensely increased by the coUectious of Richardson, Dmmmond, &c, 
in British and Arctic America. A full set of these was consigned to his 
hands for study (along with other important collections) by his friend, 
Sir William Hooker, upon the occasion of a visit which he made to Europe 
in 1833. But Dr. Torrey generously turned over the Carices to the late 
Professor Dewey, whose rival Caricography is scattered through forty 
or fifty volumes of the American Journal of Science and Arts ; ^id so 
had only to sum up tbe results in this regard, and add a few southern 
species at the close of bis own monograph of the order. 

About this time, namely, in tbe year 1836, upon the organization of a 
geological survey of tbe State of New York upon an extensive plan, Dr. 
Torrey was appointed botanist, and was reqnired to prepare a flora of 
tbe State. A laborious undertaking it proved to be, iuvolring a heavy 
sacritice of time, and postponing the realization of long-cherished plans. 
But in 1843, after much discouragement, the Flora of tbe State of New 
York, the largest if by no means the most important of Dr. Torrey's 
works, was completed and published, in two large quarto volumes, with 
one hundred and sixty-one plates. No other State of the Union has 
produced a flora to compare with this. The only thing to be regrettetl 
is that it interrupted, at a critical period, the prosecution of a far more 
impnriiant work. 

Early in his career. Dr. Torrey had resolved to undertake a general 
flora of North America, or at least of tbe United States, arranged n)>on 
the natural system, and had asked Mr. Kuttall to join him, who, how- 
ever, did not consent. At that time, when little was known of the 
regions west of the valley of the Mississippi, tbe ground to be covered 
and the materials at band were of comparatively moderate compass; 
and iu aid of the northern partt of it. Sir William Hooker's Flora of 
British America — founded uiwn tbe rich collections of the Arctic ex- 
plorers, of the Hudson Bay Company's intelligent officers, and of such 
hardy and enterprising pioneers as Dmmmond and Douglas — was 
already in progress. At the actual inception of the enterprise, tbe 
botany of Eastern Texas was opened by Drummond's collections, as 
well as that of the coast of California by those of Douglas, and aft«i- 
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TBrd tboee of Nuttall. As tliey clearly belonged to oar own phy to- 
geographical provJDce, Texas and Oalifornia were accoidingly annexed 
botanically before they became so politically. 

While the field of botanical operations was tbns enlarging, the time 
which could be devoted to it was restricted. In addition to his chair in 
the medical college, Dr. Torrey had felt obliged to accept a similar one 
at Friucetou College, and to all was now added, as we have seen, the 
wieroas post of Stato botanist It was in the year 1836 or 1837 that 
be invited the writer of this notice— then pnisaing botanical stadies 
nuder his anspices and direction — to become bis associate in the Flora 
of North America. In Jnly and in October, 1838, the first two parts, 
mddng half of the first volume, were published. The great need of a 
fnll study of the sources and originals of the earlierpoblished species 
was now apparent; so, daring tbe following year, bis associate occupied 
himself with tbis work in tbe principal herbaria of Europe. Tbe re 
maining half of the first volume appeared in June, 1840. The first i>art 
of tbe second volume followed in 1841 ; tbe secoud in tbe spring of 1842 ; 
and in February, 1843, came the third and the last; for Dr. Torrey's asso- 
ciate was now also immersed in professorial duties and in the conse- 
quent preparation of tbe works and collections which were necessary to 
their prosecution. 

From tbnt time to the present the scientific exploration of the vast 
interior of the continent has beeu actively carried on, and in consequence 
new plants have poured in year by year in sucb numbers as to overtask 
the powers of tbe few working botanists of the country, nearly all of 
them weighted with professional engagements. Tbe most they could do 
has beeu to pat collections into order in special reports, revise here and 
there a family or a genns monographicalty, and incorporate new materials 
into older parts of the fabric, or rougb-bew them for portions of the edi- 
fice yet to be constructed. In all tbis. Dr. Torrey took a prominent i>art 
down almost to tbe last days of bis life. Passing by various detached 
■«nd scattered articles upon curious new genera and the like, but not 
forgetting three admirable papers published in the Smithsonian Con- 
tributions to Knowledge, {Pianta IVemontiana, and those on Batig and 
Darlinglottia,) there is a long series of important, and some of them very 
extensive, contributions to the reports of Government explorations of 
the western country, from that of Long's expedition, already referred 
to, in which he first developed bis powers, through those of Xicollet, 
Fremont, and Emory, Sitgreaves, Stansbury, and Marcy,aud those con- 
tained in the ampler volumes of the su^^'ey8 for Pacific liailroad routes, 
down to that of the Mexican boundary, the botany of which forms a 
bulky quarto volume of muchinterest. Evenat the last, when he rallied 
transiently from tbe fatal attack, be took in hand the manuscript of an 
elaborate report on tbe plants collected along oar Pacific coast in Ad- 
miral Wilkes's celebrated expedition, i^icb lie had prepared fully a 
dozen years ago, and which (except as to the plates) remains still ua- 
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published through no fault of his. Thertwould have been more toadd, 
perhaps of eqaalimportoDce, if Dr. Torreybadheeuas ready to complete 
aud publish, as he was to investigate, annotate, and sketch. Through 
undue diffidence and a uoustaut desire forsgreater jieifection than van 
at the time attainable, many interesting observations have ftom time 
to time twen anticipated by otlier botanists. 

All this botanical work, it may be observed, has reference to the 
flora of North America, in which, it was hoped, the diverse aud sepa- 
rate materials aud component parts, which he and others had wrought 
upon, might some day be brought together in a completed system of 
American botany. 

It remaios to be seen whether his surviving associate of nearly forty 
years will be able to complete the edifice. To do this will be to supply 
the most pressing want of the science, and to raise the fittest monu- 
ment to Dr. Torrey's memory. 

In the estimate of Dr. Torroy's botanical work, it mnst not be forgotten 
that it was nearly all done m the intervals of a busy professional life; 
titat he was for more than thirty years an active and distinguished 
teacher, mainly of chemistry, and in more than one institution at the 
same time ; that he devoted much time and remarkable skill aud judg- 
ment to the practical applications of chemistry, in which his counsels 
were constantly sought and too generously given; that when, in 1857, 
he exchanged a portion, and a few years later, the whole, of his profes- 
sional duties for the of&ce of United States assayer, these requisitions 
upon his time became more numerous and urgent.* In addition to the 
ordinary duties of his office, which he fulfilled to the end with punc- 
tilious faithfulness, (signing the last of his daily reports upon the very 
day of his death, and quietly telling his son and assistant that he need 
not biing him any more,) lie was frequently requestt'd by the head of 
the Treasury Department to undertake the solution of difficult problems, 
especially tliose relating to counterfeiting, or to take charge of some 
delicate or confidential commission, the utmost reliance being placed 
upon his skill, wisdom, and probity. 

In two instances these commissions were made personally gratifying, 
not by pecuniary payment, which, beyond his simple expenses, he did 
not receive, but by the opportunity they afforded to recruit failing 
health aud to gather floral treasures. Eight years ago be was sent by 
the Treasury Department to California by way of the Isthmus; lu£tsum- 
mer he went again across the continent; aud in both cases enjoyed the 

' It ought tu be added thut, irheu the Guvemnirnt nnsny-offii-o at N'ow York wna 
cHtabliiihod, tho Secretary of the Treasury selected Dr. Tnm'y to be its HiiiieriHtouUent, 
wliieh wuald have giveu t-o the eBtublisUment the advautik}^ of a B(.-ieutiflc head. 
Bat Dr. Torroy resolutely dccliiioirtho leas laborioun and betti-r paid post, and took in 
preference ojie the etaoluments of which were mueh Ijolow hiu worth aud tho valuable 
extraueoUB services ho rendered to the Ouveriiiueut, aiuiply because he was uu\Tilling 
to accept the care nild responsibility bf traosure. 



b, Google 



LIFE AND LABORS OF FBOF. JOHN TOBBET. 217 

rare pleasure of viewing in tbeir native soil, and pincking witb his own 
hand^, mauy a flower wliivh )ic Uad himself named and described IVom 
flried specimens in the tier barium, and in which be folt h kind of pater- 
nal iuterest. Perhaps this interest culminated last summer, when lie 
stood on the Sank of the lofty and beautiful snow-clad {>eak to which a 
grateful former pupil and ardent explorer, t«a years before, gave his 
name, and gathered charmiog alpiue plants which he hod himself named 
lifly years before, when the botany of the Colorado Rocky 3IountaiDB 
was first opened. That age and fast-failing strength had not dimmed 
his eojoymeut may be inferred from his remark, when, on his return 
from Florida the previous spring, with a grievous cough alloyed, be was 
rallied for having gone to seek Ponce de Leon's Fountain of Youth. 
*'iIo,'' said he, "give me the Fountain of Old Age. The longer I live 
the more I enjoy life." He evidently did so. If never robust, he was 
rarely ill, and his last sickness brought little suffering and no diminution 
of bis chai-acteristiu cheerfulness. To him, indeed, never came the " evil 
days" of which he could say, *' I have no pleasure in them." 

Evincing in age much of the ardor and all of the ingenuousness of 
youth, he enjoyed the society of yonng men and students, and was help- 
ful to them long after he ceasnl to teach, if, indeed, he ever did cease; 
for, as Emeritus Professor in Columbia College, (with which his old 
medical school was united,) be not only opened bis herbarium, but gave 
some lectures almost every year, and as a trustee of the college lor many 
years he rendered faithful aud important service. His large and truly 
invaluable herbarium, along with a choice botanical library, be several 
years ago made over to Columbia College, which charges itself with its 
safe preservation and maintenance. 

Dr. Torrey leaves three daughters, a son, who has been appotuted 
United States assayer in his Gather's place, aud a grandson. 

This sketch of Dr. Torrey'a public life aud works, which it is our main 
duty toexbibit, would full short of its object if it did not convey, however 
briefly aud incidentally, some jnst idea of what manner of man he was. 
That he was earnest, indefatigable, and able, it is needless to sny. His 
gifts as a teacher were largely proved, and are widely known througli a 
long generation of pupils. As an investigator, he was characterized by 
a scrupulous accuracy, a remarkable feriility of mind, especially as shown 
in devising ways aud means of research, aud perhaps by some excess of 
caution. 

Other biographers will doubtless dwell upon the iiiore personal aspects 
and characteristics of our distinguished and lamented associate. To 
them, indeed, may fittingly be lett the full delineation aud illustration 
of the trails of a singularly transparent, genial, delicate and conscien- 
tious, wtselflsh character, which beautified and fructified a most indus- 
trious and Qseful life, and won the affection of all who knew him. For 
one thing, tbey cannot fail to notice his thorough Jove of troth for its 
own sake, and his entire confidence tliat the legitimate results of svi- 
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entific inquiry would never be inimical to the Christian religion, which 
he held with an untroubled faith, and illustrated most naturally and 
UDpi«t«ndiiigly in all his life aud conversation. Id this, as well as in 
the simplicity of his character, he much resembled Faraday. 

Dr. Torrey was an houorary or corresponding member of a goodly 
number of the scieotiflc societies of Europe, and was naturally connected 
with all prommeot institutions of the kind in this country. He was 
chosen into the American Academy in the year 1841. He was one of the 
corporate members of the National Academy at Washington. He pre- 
sided in his turn over the American Association for the Advancement 
of Scieuce. He was twice, for considerable periods, president of the 
2few York Lyceum of ITatural History, which was in those days one of 
the foremost of our scientific societies. It has been said of him thatthe 
sole distinction on which he prided himself was his membei'ship in the 
Order of the Cincinnati, the only honor in this country which comes by 
inheritance. 

As to the customary testimonial which the botanist receives from his fel- 
lows, it is fortunate that the first attempts were nugatory. Almost in his 
youth a genus was dedicated to him by his con-espondeut Sprengel : this 
proved to be a Clerodendron, misunderstood. A second, proposed by 
Bafinesque, was founded on an artificial dismemberment of Cypreua. 
The ground was clear, therefore, when, thirty or forty years ago, a new 
and remarkable evergreen tree was discovered in our own Soatbem 
Htet«s, which it was at once determined should bear Dr. Torrcy's name. 
More recently a congener was found in the noble forests of California. 
Another species had already been recognized in Japan, and lately a fourth 
in the mountains of Northern China. All four of them have been intro- 
duced, and are greatly prized as ornamental trees in Europe ; so that, all 
round the world, Torreya taxifolia, Torreya Calif<>mica, Torreya nuei- 
/era, and Torrega grandu — as well as his own important contributions 
to botany, of which they are a memorial — sbonld keep our associates 
memory as green as their own perpetual verdure. 
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A HEHORIAL OF GEORGE GIBBS. 



Bv JouN AUST1.S Stevens, Jr. 



[Tbe snbject of the followiDg memorial, Oeorfte Olbbs, was for many jeMS an activ* 
coUabontoi' of tbe Smitluoiiiaa InalilutioD, espeeially in the line of ethDology . He 
had charge of all the lodlan rocabelarieH which had tieeo collected by the iDe'.itntioDt 
and was prepurieg them for pubticalioD at the time of hid death. Tbe valuable aod 
laboriooa aervice which he rendered t« thia InatltutioD waa entirely grataltoos, and in 
hfa death thia eBtabliahmenC aa well aa the caoae of eoience lost an ardcot friend 
and iuiportant contribntot to ita advancement. Tbe following tritiiite to bia memorr, 
by John A, Stevens, jr., read before the Now York Historical Society, October 7, 1973, 
finda a proper place for repnblicatiou in the anunal roport of thia tDstttntioo to which 
he leodeivd such signal service. — J. H.] 

George Gibbs, so long familiar to tbe members of this society as its 
DDwavering and faitbful frieud, aud for maoy years its librarian and cas- 
todiao, has passed from the scenes of bis busy and useful life to that 
sphere in which all histories of this finite existence find their sum nud 
complement. * * 

The SOD of Gol. George Gibbs, of the Newport, B. I., family of that 
aamf, and of Laura Wolcott, be was born ou the ITlh July, 1815, at 
Sunswick, IxiDg Island, near tbe village of Hallett's Cove, now known 
as Astoria. His ikther was a man of singular culture and talent. Brill, 
iant in conversation, polished in manners, and of large and various 
experience of men and life, Colonel Gibbs was one of the marked .men 
of hia day, and bis large mansion at Snnswick was the seat of a broad 
and elegant hospitality rarely to be met with in this country at that time. 
As an instance of the extent of this hospitality, it may be stated that 
during the cholera-summer of 1832 several families found refuge here 
and at the lodge during the whole time of the pestilence. The beauti- 
ful mansion, with its front upon the East Hirer at one of its most 
picturesque points, aud its rear opening upon a broad inward landscape 
of fertile farm-fields, was then one of the landmarks of tbe rivei. And its 
Btone descent from the terrace to the shore still marks the old house, 
which is now occupied as the Convent of the Sacred Heart. In Colonel 
Gibbs's day, fine horses and dogs were always to be found about a gen- 
tleman's residence. Passionately fond of field-sports, be was constantly 
at tbe south side of Long Island, where deer and small game were then 
the certain reward of tbe day's hunt, and his son was often his compan- 
ion. For access to tbe city, be had for years a small yacht, which be 
styled the Laura. His gardens were celebrated for tbe character and 
abandaoce of their splendid crops. To these, aa to all that he touched, 
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Colonel Gibbs brought the resonrces of hie well-stored mind. Within 
vae his fine library, Hbouuding in the worka of the best anthors, and 
iu man; tongues; added to this, a miueralogical collection. It may be 
hero luentioued that the extensive and valuable collection now in the 
[Wbsession of Yale College was made by Colonel Gibba himself while 
abroad. These incidents in the life of the father are alluded to here as 
having a direct beating upon the career of the sou. 

The mother of George Gibbs was Lanra Wolcott, daughter of 
Oliver Wolcott, the Secretary of the Treasury under Waabington 
and the elder Adams, one of the fathers of the country. It is not 
needful in this city, where her true, brave character, her well-stored 
ami indepeudent mind are still fresh in remembrance, to dwell upon tbe 
influence of such training upon her rising family. The original purpose 
of Colonel Gibbs was to give his sou a West Point education and to fit 
him for an army career ; this and the navy were at that time considered 
as the only true occupations for tbe sons of gentlemen. As a prelimin- 
ary step he was sent to the Bound Hill School, at Northampton, Mass., 
then kept by Itlr. George Bancroft, tbe historian, and Mr. Cogswell, the 
late leurned and distiuguisbed supfrinteudent of the Astor Library. 
At seventeen, it having been fonnd impossible to secure for tbe youth an 
appoiutment to the Military Academy — political favor then, as now, 
being indispensable to success — he was takeu to Europe by bis maiden 
aunt. Miss Sarah Gibbs, and fo^ two years enjoyed tbe advantage of 
foreign travel, observation, and study, tbe influence of which upon Ms 
education and character was never lost. Though tbe family were disap- 
pointed in their wish to enter the eldest bod as a military student, their 
efforts were not relaxed ; as the one grew beyond the age at which alone 
the candidate is eligible, the claim for an appointment was transferred 
to the next son, and as persistently urged. Those who know the family 
on both sides of the house know of the unwavering determination with 
which they press tn the point in view. The second son, in turn, was 
compelled to give up bis ambition, and entered Columbia College, to 
take high rank as a scholar, and is now welt known as tbe professor of 
chemistry at Harvard College. Later, a third son, the late Maj. Gen. 
Allred Gibbs, receivetl tbe long-sought commission, and history has 
already inscribed his gallant deeds ou her imperishable scroll 

On his return from Europe, George Gibbs commenced the reading of 
law, and in 1S38 took his degree of bachelor of law at Hansard Univer- 
sity. His first essay in literature was her© made. In 1834, the very 
year of his entrance, he published, at Cambridge, a work entitled "The 
Judicial Chronicle, being a list of the judges of tbe courts of common 
law and chancery in England and America, and of the contemi»orary 
reports Irom tbe earliest i)eriod of the reports to the present time,*^ iu 
octavo. On his return to New York be entered tbe law-ofitce of the 
late Prescott Hall, and by degrees attached himself to his profession 
and engaged in such practice as be could obtain. With this agreeable 
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ami eeninl gentleman he contioned tbe most friendly and intimate 
rciittions until liis death. A great part of his time, however, he passed 
in the country. His early taste for an outdoor life always clnng to 
him. Shooting and fishing were hia favorite amusements, diveraified 
with a practical and useful attention to geology and natural history. 
When tbe family removed to tbe ciiy from Sunswick, in 1835, he had 
already made and mounted with his own hands a large collection of 
birds, and be bad also gathered together a considerable mineralogical 
cabinet. The latter be sent to New Haven, as a gift to be added to his 
fatber's collection. Tliese early tastes mark the natural tendency of hia 
mind, and bis whole career Hbows bow strongly they were implanted in 
his nature ; how foreign to his general intellectual bias mast have been 
the plodding and confinement of tbe study of tbe law. Early he ieema 
to have made his election as between science and law, altbongh tbe 
crippled condition in which hts father's death left tbe family estates did 
Dot allow of bis deserting that profession which be had adopted and to 
which he looked for his own support. Nor conld he ever have contented 
himself with the'dry study of Blackstone and Chitty, or auy other of 
the law worthies. His taste for literature was too catholic for this, and 
bis intellectual rambles about his father's library had opened too many 
Tistas of cliarmiug pasturage for him to stay bis appetite with the dry 
food of legal disquisition. He showed this taste even in the practice of 
liis profession. Be gave himself up with hearty zeal to the historical 
branch of conveyancing', and made valuable collections of titles and 
abstracts in this department of law. 

George Gibbs loved literature. He was familiar with all tbe good 
old books which our fathers wi^re wont to read. He loved the strong 
sod Saxon language of the earlier day — of Latimer and Hall, of Swift 
and Sterne, of Bo'ingbroke and Shaftesbury. The cast of his mind 
-was puritanic in its stern hatred of new-fangled notions and new-fash- 
ioned phrases. He loved with his grand sonarous voice to roll out tbe 
Tersea of tbe old covenanter hymns or the paraphrases of the psalms 
of Sir Philip Sydney, a "piirewell of English undefiled." He loved 
politics also. Ardent in all ttiat he engaged in, he soon found himself 
occupied in a bistoiy of the times of Washington and Adams, and a 
Tindication of the i>olicy of his grandfather as Secretary of the Treasury 
and a member of the cabinet of John Adams. Tbe hot feud between 
the federalists and the republicans had not died out, and the young 
polemic took up the "burning brand," which in those days was indeed 
passed on from sire to son as thoroughly as ever by Scottish partisan in 
Scottish feud. To use bis own words, Mr, Gibbs " felt himself not only 
the vindicator, but in some sort the avenger, of a by-goae party and a 
buried race." 

This work occupied a great part of his time. He embraced in it tbe 
correspondence of Oliver Wolcott, and it stands to-day aa a test-book 
of the history of the d%y — as an unquestioned authority upon the pei^ 
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sonages and the politics of that stirring period. It is written id strong, 
Dervous 8t>'le, with great clearness and simplicity. It is questionabie 
wbetlier at the time the publicatioD of these volames was of benetii to 
the young lawyer. The law in those days was supposed to allow of no 
divided suit for her favor, and literary lawyers received few briefs. 
.This publication, under the title of " The Memoirs of the Administration 
of Washington and Adams, edited tVom the papers of Oliver Wolcott, 
Secretary of the Treasury," was printed in 1846, in two volumes octavo. 

In 1S4S an event occarred which strangely affected tbe minds of all 
those restless spirits who chafed under the confinement of city life, and 
yearned for the freedom of nature. Gold-fields were discovered in Cali- 
fornia. The wonders of the fifteenth century were renewed in the very 
current of our daily life, and a new El Dorado opened an inviting field 
for adventurous character. Dissatisfied with the dull routine of a slug- 
gish practice, and urged on by his uuwearied taste for practical scientific 
research, Mr. Gibbs took advantage of an occasion which the march of 
the Mounted Rifles overland from Saint Louis to California afforded him, 
and accompanied them to Oregon, where he established himself at Colum- 
bia. 

Before he left N'ew York he had taken a lively interest in politics, and 
was au active member of the whig party. I4ot a man to remain quiet 
when his feeliugs were aroused, he soon became prominent among toea 
of the whig opinion, and was a leader in the councils of the young 
men's committee. When Mr. Fillmore succeeded to the Presidency of 
the United States, Mr. Gibbs received, in 1854, the appointment of col- 
lector of the port of Astoria, which he held during his adminiatratioD. 
Later he removed from Oregon to Washington Territory, and settled 
upon a ranch a few miles from Fort Steilacoom, at a small settlement 
called by the same name. Here he had his headquarters for several 
years, devoting himself to the study of the Indian languages, and to the 
collection of vocabularies and traditions of the northwestern tribes. 
During a great [lart of the time he was attached to the United States 
Government commission in laying the boundary as the geologist or 
botanist of the expedition. Each commission in turn sought eagerly for 
the aid of his practical expeneuce, bis varied and extensive acquirements, 
and the comfort of his brave, cheerful, genial nature. He was specially 
attached as geologist to the survey of a railroad-ronle to the Pacifle 
under Major (afterward General) Stevens. His associates on this expe- 
dition were Drs. George Snckley and J. G. Cooper as naturalists, to 
whose reports Mr. Gibbs made large coutributiona 

In 1857 he was appointed to the northwest boundary survey, ander Mr. 
Archibald Campbell as commissioner, with General J. Q. Parke as chief 
engineer, and after the close of the survey prepared an elaborate report 
on the geology and natural history of the country. 

It must not be supposed that the life in Oregon in those days was a 
life of ease or leisure — rather a rude struggle with nature for even exist- 
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eDce — veeks and moiitbs in the cold and beat, amid anoffs and rftio, 
Rnrronnded by tbo savage beasts of the forest, and exposed at times to 
the treacherous attacks of the wild lodian or the more daogerons whites, 
who. bi'eakinj; loose from their frail attachment to society, spread ov^ 
the Territories, and retaroed practically to the origioal state of man. Yet 
with all this there was a charm which none who have experienced it 
have ever forgotten ; not alone " the pleasnre in the pathless woods," 
nor yet the *' society where none intrudes," bat that intimate relation of 
man with man, of mind with miud, that fellowship, in the midst of 
Bolitnde and danger, of a body of cultivated and intellectual meu, all 
serriiig one common caose, and all impelled by one common impnlse-r 
that cause tbe prosperity of their nati^'e country — that impalse the love 
of science. He who has witnessed the meeting of those friends, most of 
them of West Point education — Army men all — has not failed to note with 
aduii rat ion— with which even regret mingled, that snch was not his lot — 
the affectionate relations which neither time nor distance, nor the natural 
fieparatiou which life always brings, seemed sensibly to affect or weaken. 

Many a one fell face to tbe foe in the dreadfal struggle which brought 
every man home from his distant post. One by one Uiey drop away and 
join the increasing colnmn in that undiscovered country whose boun- 
daries no human eye shall ever survey, and whose wonders no human 
tongue shall ever tell, where the pole-face and tbe red-man shall meet 
in brotberbood, and speak one common language. To tbe close of his 
life Mr. Oibbs continued warm friendships contracted amid these wild 
scenes. His intimacies were to a great extent with Army men, but bis 
friends were in all ranks of society. Few men had such a large acqnaint- 
anoe as be, and few lived more loved and died more mourned. Dunng hta 
'Whole life at tbe West he never failed to write once or twice a week to 
his family. His letters are full of graphic description of life and nature, 
and should be published. No better contribution could be made to the 
history of the early days of these settlements. 

In 1S60, Mr. Oibbs returned to New York, not intending to remain per- 
niAuently. Nature still whispered her tender song in bis ear, and would 
DO doubt have charmed him to ber bidding bnt for the outbreak of the 
war. This brought with it other occupations and other duties. Too 
nncertaiu in health for continuous service, and even then laboring under 
the painful disease which finally brought him down, he threw himself, 
with bis strong character, his great perseverance, and his abandant 
energy, into the service of the tJnion in another form. He was an early 
and active member of tbe Loyal National League, which did eo much 
to crystallize public opinion in the second year of the war, and also of 
tbe Loyal Poblication Society, which distributed such masses of tracts 
and healthy patriotic literature over the whole country. Of gceat per- 
sonal bravery, be was always ready to expose life in defense of princi- 
ple. In Washington, during the dark hours of March and April, 1861, 
be took his musket and went upon duty to guard tbe Capitol at t^ 
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first fii^ of diinger. And id tbe New York riots he sought the place 
of greatest peril, and volunteered for the defense of the bouse of Ora- 
erat Pi'6inoitt, when n night attack was threatened. Bo was uot a maii 
to ask another to do that which he was not ready to do himself. 

Later he resided in Wasbiogton, and n-ns mainly employed ia tbe 
Hudson Bny Claims Commission, to which he was secretary. He was 
also engaged in the arrangement of a large mass of manuscript bearing 
upon the ethnology and philology of the American ludians. His serr- 
ices were availed of by the Smithsonian .Institution to superintend its 
labors in this field, and to his energy and complete knowledge of tbe 
subject it greatly owes its snccess in this branch of service. 

He published, some years since, a series of the vocabularies of the 
Clammal, Lnmmi, and Chinook languages, and of the Chinook jar- 
gon, besides other tracts of a similar kind ; and at tbe time of bis 
death was engaged in superiutending the printing for the Smithsonian 
Institution of a quarto volume of American Indian vocabularies, and 
bad fortunately arranged and carefully criticised many hundred series 
before bis death. This publication will continue under the directloa of 
Prof. W. D. Whitney, J. H. Trumbull, LL. D., and Prof. BoeUrig. 
His large collection of papers on the Indiiin languages, of translations 
of many and curious legends, all of incalculable value to science, has 
been bequeathed to tbe Smithsonian lustitution, bis numerous maps 
and charts to the Geographical Society, and such of his books as were 
suitable tor the purpose to this society. 

In 1S7I Mr. (iibbs married his cousin, Miss Mary Kane Oibbs, tA 
Newport, E, I., and removed to New Haven, where he died on the 9th 
of April, 1673. Thongh a great sufferer at times from a chronic disease 
of the most painful character, his last years were happy beyond the 
common lot. His house was celebrated for its simple, unaffecte<l bo^i- 
tnlity, and was the resort of a charming circle of refined and cultivated 
people. 

To whatever work Mr. Gibbs was engaged he devoted hia whole heart 
and every energy he possessed. This historical society owes its present 
prosperity as much to bis aids as to those of any person. Its revival, 
in 1840, was largely owing to his determined efforts; its librarian for 
six years, from 1842 to 1848, and long a leading member of the execu- 
tive committee and library committees, be never wearied in his efforts 
to promote ibs prosperity. Its frequenters bare not forgotten hrs hale 
and hearty presence, bisgenial manner, his cheerful temper. Honest to 
tbe requirement of the ancient philosopher, geueroas to a fault-, though 
in his varied life be had received but small aid from fortune, he was 
one of tbe warmest-hearted, most charitable of men. Who will soon 
forget bis plain, outspoken, manly, and unvarnished speech, his indig- 
nant dennuciation of wrong, bis hatred of oppression T The edge of 
his speech did not always carry tbe polish of the scimitar, but its blow 
fell heavy as that of tbe battle-ax. 
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He was a man ; truth was his element ; no fraud or hnmbag throve 
in bis society. He was as bold to expose as he was quick to see through 
false preteuse. For this he was thoagbt by some as uncompromisiug 
beyond reason. He had no enemies. He bore no malice. His was not 
a nature to see faults in others which were foreign to itself. His 
friendships were always warm ; bis aotipatbies were rarely personal. 
His faults were all those of a targe, generous nature, such as one may 
look to find in the broad, deep-chested, short-statnred man, whose large 
play of vital functions keeps bim forever harshly busy until the whole 
macbiDe breaks down in one crash. 

How to speak of bis domestic Cbaractert A more lovely nature never 
breathed. Many an eye moisteued as it met the mournful notice of his 
death. Many a one felt that one of those tme friends on whom abso- 
lute, entire reliance might always be placed, had gone and left a void 
there is no filling. One mourned him as a brother, Brotherless him- 
aelf, he had been wont from early years to attach himself to this frank, 
noble nature. The attachment of the child for the yonth streugtbened 
into friendship as manhood found both on the same level, and through 
long years of personal intimacy when together and of corTes|>ondeuce 
when separated, that friendship remained unbroken by a word of 
quarrel, unshadowed by a look of unkindness. The survivor may be 
forgiven that, deprived by an ocean's breadth from tbe fulfillment of the 
last office of friendship to his more than kin, he pours oat here an 
offering of memory and affection to bis silent Bbade. 

15 S 
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A ditayarae le/ort tie Ntw York Academy of Medicint, wilk 
Br John C. Daxtom, H. D. 



The anDiversarymeetingoftlie Academy of Medicine maybe regarded 
as a 8ort of annual conference, in which one of its members is depnted 
to offer to the Academy a short address npon some topic of general pro- 
fessional interest, and more or less appropriate to the time. Perbaps 
■we can hardly employ the occasion to-night in a more suitable way than 
by endeavoring to see what, on the whole, is the direction in which 
medical thought is now most active; to cast the professional horoscope, 
so to speak, for the present, and to anticipate, as nearly as may be, what 
we are to expect from it in the immediate futare. 

Kot that we should be willing to claim the gift of prophecy or to place 
too much confidence in delusive flights of the imagination. Medicine 
is essentially a skeptical science, and very properly regards with dis- 
approval anything which claims her attention without offering, at the 
same time, unmistakable guarantees of respectability. But there mtiy he 
a kind of anticipation which is really a scientilic one. Withiu the past 
two or three years we have seen our own Meteorological Burean triumph 
over what was proverbially the most difficult of all impular puzzles, and 
foretell the weather of each day with a certainty which has excited our 
surprise and admiration. With telegraph-lines from all over the 
continent converging to the central office at Washington, the chief 
of the Bureau can trace, irom hour to hour, the progress of a meteor- 
ological change, moving, with uniform or accelerated speed, from Saint 
Paul to Milwaukee, from Milwaukee to Detroit, from Detroit to Buf- 
falo ; and ho knows that within a given period it will reach New York, 
with almost as much certainty as though he stood on the top of a watch- 
tower and saw it coming. Within such limits as these it may perhaps 
be allowable sometimes to indulge in surmises, even in the strictest and 
most exacting of the natural sciences. 

Is there anything in the aspect and condition of any part of medicine 
to-day that looks like a change in the scientific barometer T Can we see 
such a tendency iu the medical mind at present as would suggest what 
may fairly be called a new movement — in which successive ideas and 
discoveries are not only accumulating as heretofore, but in which they 
also seem to be taking, or about to take, a new interpretation ; so as to 
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give expression, io definite termB, to a-doctrinewbicb has heretofore bad 
only a vague and ancertaiD existence T 

If there be aoy one direction in which progrees is now eo marked as 
to constitnte a dominant featare of the present state of medicine, and to 
embrace a practically new medical idea, I shoald say it was that of ttae 
origin and propagation of disease by independent organic germs. Perhaps 
it would be wrong to say that this doctrine is even yet distinctly formu- 
lated. It is certainly far from being definitely eetablisbcd as a general 
troth. Some very wild and reckless statements have been made in regard 
to it by observers possessed of more zeal than knowledge ; and some 
elaborate but baseless theories relating to the specific development and 
transformation of organic germs have been tried at the bar of scientific 
investigation, and, being convicted of incompetency, have anffered ac- 
cordingly the just penalty of extermination. Perhaps the doctrine 
itself will also be finally abandoned. It may be that the evidence in its 
fovor, which is yet only partial, will hereafter lose its si>ecial signifi- 
cance ; and the appearances which now seem to snstain it maycome to 
be naturally explained in some other way. Still there can be no donbt 
that the idea is at present entertained, and that it is by no means con- 
fined to the minds of careless or irresponsible theorizers. So far, it ex- 
ists in the form rather of a scientific instinct than of a positive belief; 
and its gray light hangs aboat the edge of the medical horizon like the 
coming dawn of a new period. 

Now, can this instinct of the medical mind be justified in any way t 
Are there any focts and discoveries, already established beyond the 
possibility of doubt, which have naturally led it in this direction, and 
which point, like the telegraphic reports of successive meteorological 
stations, to a conriimous and definite movement of scientific pathologyl 

I think it realty began many years ago, in the early investigation of 
parasitic diseases. Perhaps we can hardly include under this designa- 
tion the effects produced by ordiuiuy intestinal worms, like tsenia or 
ascaris, because the animal and parasitic nature of these worms was 
perfectly palpable, and conld not be mistaken by any one. But scidties 
was on a different footing. It was a contagious, eruptive affection, 
capable of spreading over a large irartion of the body, and of giving the 
patient greatdiscomfort; and, when it was found to be doe simply to the 
presence and propagation of a parasitic insect, the discovery was a 
great achievement, and for the first time made it possible to have a dis- 
tinct and rational comprehension of the origiu of the disease, as well as 
of its propagation and means of cure. A remarkable circumstance in 
the history of our knowledge in regard to Sarcoptea seainei is, that its 
discovery in the present century was in fact a rediscovery of something 
which had been li nown centuries before and long forgotten ; or, at least, 
the method of finding the insect having been lost, the most eminent 
dermatologists of forty years ago had never seen it, and were really in 
doubt as to its existence. However, this uncertainty was terminated in 
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1S34, by the Corsican student Beuucci, and the stady of its stractnre 
and development was afterward accomplished by I^pail and Boar- 
guignon ; so that oar knowledge, both of the disease and its parasite, 
was then placed npon a penuaneut footing. 

Perhaps the most snggestive part of this discovery related to the 
reproduction of the parasite, the mauner in which the female lays her 
eggs in galleries excavated iu the skin, and the time required for the 
hatching and disperBioa of the yonng, because this showed a direct 
connection between the local spread of the disease and the increase, by 
ordinary sexual generation, of the young brood of the parasite. How- 
ever, there was nothing very remarkable in the mode of this genera- 
tion. The eggs of the female were deposited and hatched in tiie usual 
way, and the young sarcoptea came to resemble their, parents after a 
very short and regular period of development. 

But ten or fifteen years later u discovery was made with regard to 
some of the ititemal parasites which had a character of unexpected 
peculiarity ; that was, the specific identity of two parasites formerly 
supposed to be distinct, namely, oysticercua and iwaia. These two 
worms — so unlike in their size, their general configuration, and even in 
the species of animal which they inhabit — were shown by the researches 
of Siebold and Kiichenmeister to be only different stages of growth 
of the same creature — one the encysted and quiescent, the other the 
intestinal and reproductive form. The well-known experiments carried 
on in this investigation showed furthermore the regular and natural 
conversion of these two forms into each other; and thus we came fully 
to iiuderstand that the existence of tape-worm iu man was owing to his 
having eaten measly pork containing c^atieerctu, and that the pig be- 
came contaminated with cft^ticercus by devouring the eggs or the egg- 
bearing articulationsof Tania aoliitm. The knowledge of the alternation 
of generations and of the migration of parasites from one habitat to 
another at different periods of tlieir development became iu this way con- 
nected with the pathology and mode of propagation of certain well- 
known and perfectly distinct morbid affeetions. 

But BO far, perhaps, these morbid affections hardly deserved the name 
of diseases. They were simply local disorders, due to the presence of a 
parasitic'intruder in the substance of the akin or iu the cavity of tiie 
iutestinal canal. It was another thing to learn, some years later, that 
a microscopic parasite might diffuse itself generally throughout the 
system, and thus give rise to a rapid and fatal train of symptoms hardly 
distinguishable &om those of any febrile constitutional disease. Ko 
doubt cases of infection by Trichina spiralis have always occurred as 
frequently as they do now. But previous to the year 1850 the milder 
ones in all probability were supposed to be rheumatic iu their origin, 
while the fatal cases passed for fevers of a typhoid character. There 
were even epidemics of the trichiuous affection, as there are of typhoid 
fever and influenza ; and, when the true charaeter of the disease be- 
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came known, it was perfectly evident how tbese epidemics orifnnated 
and exactly bow far they migbt extend. Each one was commenced by 
the slaaghter (md preparation for food of a trichinons pig; and the pa- 
tients affected were precisely those who bad introdnced into their Bys- 
tems ever so small a portion of the infections food. 

Id this instance, also, there was fonnd to be na unexpected relation be- 
tween two different forms of the same pahiaite. Trickina spiralis had 
been known since 1830; bnt it had yet been seen only in its quiescent, 
encysted form, embedded in the mnacular tissae, withont movement or 
reproduction. Oonbeqnently, though we were familiar with the worm 
itself, we knew nothing of the disease produced by it. Its new growth 
and active reprodnction in the intestinal canal, the swarming emigra- 
tiott of its innumerable progeny, and the constitutional symptoms which 
followed, were a new revelation, and showed that the whole system, as 
well as a particular organ or tissue, might suffer from the effects of para- 
aitJo contamination. 

In all the affections wbidi havenow been ennmerated, the parasite is 
one of an animal nature, with regular generative apparatus and active 
sexual reproduction. But the last thirty years have seen a very remark- 
able advance also in our knowledge of the rtgetdble parasites. This has 
naturally coincided with a similar activity among scientific botanists 
in the study of the simplerforms of vegetation, the cryptogamic plants in 
general, and particularly of the microscopic fungi and algie. A little over 
a half a century ago the species of flowering plants described by bota- 
nists were much more numerous than the cryptogams ; but now the pro- 
portions of the two classes are reversed. In 1818, according to Mr. 
Cooke,* an eminent British botanist, " less than eighty of the more mi- 
nute species of fungi, but few of which deserved the nitme of micro- 
scopic, were supposed to contain all then known of these wonderful 
organisms. Since that period microscopes have become very different 
instruments ; and one result has been the increase of the 664 species of 
British fungi to 2,479. By far the greater number of the species thus 
added depend for their specific characters »i)on microscopical exam- 
ination. At the present time the number of British species of flowering 
plants scarcely exceeds three-fourths of the number of fungi alone, not 
to mention ferns, mosses, algse, and lichens." 

A large proportion of these microscopic plants are parasitic upon other 
organisms; and for the earliest study of them, as connected with dis- 
ease in the human Hubject, we are indebted to the dermatologists. 

The first discovery of parasitic vegetation in cutaneous affections was 
by Scbonleiu, in 1839,t who found, in the crust aifavvx, cryptogamic vege- 
table fllunents ramifying in the diseased growth. In 1841 G-ruby made 
a similar observation,t and described accurately both the mycelium fila- 

• " iDtToduction to the Study ot Microscopic Fungi," London, 187(i, p. 45. 

lUnller'i Arohiv (orie39; cited in Bobin'e " V^gitanx paroaitea," Paris, 1853, p. 477. 

I "Comptea Bendoa del'Acad^mie des Sciences," 1841, tome xiii, pp. 73, 30£k 
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mentaand the sporee. He asserted them to be always present in cases 
of favug, and declared that the malady itself was esseutially "nothing 
but a vegetation." The i>arasit« thus described proved to be the same 
with that previously seen by SchSulein, and it was at last definitely 
known by the name of Achorion 8chonl^»ii. 

Gruby continued his esaminations, and in 18M discovered a micro- 
scopic vegetation growing upon the skin, in a case of Porrigo decalvatu ;• 
and the same parasite, the Tridiopkyton tonsurans, has since been recog- 
nized as a constant accompaniment of Tinea agcoais and Tinea cirdnnata. 

Finally, Mua-osporon fur/ur was discovered by Eichstedt, in 1846,t as 
a parasitic vegetation in Tinea versicolor ; so that within seven or eight 
years three distinct microscopic fungi were discovered aad recognized as 
occurring in diseased conditions of the human skin. 

Now, the first question which naturally came up in relation to the dis- 
covery was this : Is the microscopic fungus the cause of the disease, or 
is the disease thecanseof tbefungusi Either of these two suppositions 
might be the true one. lu the first plaee, the fungus, by its accidental 
presence and growth in the skin, might excite all the irritation and mor- 
bid discbarges characteristic of the malady. On the other hand, its 
presence might be altogether secondary, and a result of the morbid ac- 
tion instead of its caui^e. Every vegetable requires a soil suited to its 
growth. The fungus-germs might be incapable of fastening themselves 
upon the healthy skin, but might readily flourish in the decomposing 
mixture of inSammatory exudations. This question, in the earber 
stages of the investigation, preseuted a real difficulty. Henle, iti IS40, 
believed tiiat Achorion Schoiileinii was merely an incidental formation in 
the crust of favKs, while Remak and others regarded it as the cause and 
essential element of the disease. 
' Now, how was this difficulty to be settled! If 7Vn«a tonsurans is 
always accompanied by triekophyton, and if trichophyton is never found 
npou the skin except in some form of tinea, how can we tell which of 
these two is the cause and which the consequence of the otherf 

The test of this is twofold: 1. Inoculation of the parasite and repro- 
duction of the disease; 2. Destruction of the parasite and cure of tie 
disease. 

Both of these tests have been successfully carried out. The inocola- 
tion of Acfioriau Schonlenii was aceomplisbed by Bemak4 in 1840, and 
subsequently by Bennett,^ Hebra, Vogel, Bazin,|| Kdbner and DefiSs; 
that of Trichophyton by Deffis^ and Kobner;** and, finally, that of 

• "Comptcs RendiiB do TAcatWinii! ilea Sciences," tome xviii, p. 583. 
i Cited ill Robin's "V^g^taux parnsitiis,'' Paris, 1853, p. 438. 
(Cited in Robin; "VSg^tans PamsileB," Paris, 1853, p. 477. 
i "Principles UDil Practice of Medicine," New York, 1867, p. 850. 
U "Affections cutaii6cB parasites," Paris, 1858, p, 56. 
V Baziii, "AOectioiiB ciitiui^cs paraxites," p. 147. 
" Sclunidt's " JnlirliUcber," cxivi, p. 260. 
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Mierosporon, by Eobner,* in 1864. The fimgas-sporea, transplanted upon 
the aldo of other indiyidDals, or npon other parts of the skin of the 
patient, after a certain interval germinate and mnltiply, and so create a 
secondary' focus of the disease. The contagions character of the malady 
is thus seen to depend, not upon a virus, in the old sense of tiie word, 
hnC npon the actual communication of reproductive germs, which give 
origin in their new location to a vegetative growth similar to the old. 
The vegetable growth, therefore, precedes the disease, and must be 
regarded as its cause rather than its consequence. 

The actual transportation of these germs through the air^s Also a 
matter of demonstration. Lemairef placed glass jars filled wi^hce in a 
shallow basin, so that the condensed moisture of the atmosphot^trlepos- 
ited upon the cold sides of the glass, might trickle dovn andtKflieet in 
the basin below. He then applied friction to the head of a'*#oy with 
favug, near by, and fonnd that the spores of acborion were di^^ by 
the air-correnta for a distance of twenty inches into contact ' ffith the 
jars; and then, being entangled by the condensed moisture, wefr^carried 
down into the basin. He sometimes found as many as thirty ipores in 
a single drop of condensed moisture. **^ 

The second part of the test is equally well established. I^WMume 
that dermatologists are now fully agreed that, for all cutaneouK^^ctious 
known to be characterized by the presence of a microscopic ftiHH^, the 
one essential element of cure is the application of some parasitidVi; Vhich- 
sball destroy the vitality of thefungus. Iodine, sulphurous acl.%or mer- 
curial bichloride, by killing the vegetable, as sulphnr-ointmen^ills the 
animal parasite of scabies, in simpler cases absolutely puts an ^d to ttio 
disorder, and in the more complicated ones leaves behind only ^^indary 
symptoms, which have no longer any specific or contagious fA^racter. 
Of course there are various points relating to these afiiections viytch are 
still more or less in doubt. Some microscopic cutaneous fungi fiS\6 been 
described as distinct species, which have not received generaf recogni- 
tion, and some observers are disposed to question whether tfie three 
principal ones may not all be simple varieties or forms of development 
of the same plant. '- 

But there are similar points of difference still existing among scientific 
botanists with regard to microscopic fungi in general ; and I believe that 
the three principal facts of (1) specific parasitic vegetation as a cause of 
cutaneous disease; (2) its propagation by the transport and germiuatiuu 
of spores; and (3) its treatment and cure bj parasiticide applications, 
may now be regarded as wholly beyond a reasonable doubt. 

1 have already alluded to the remarkable activity of botanical research 
of late years in the department of cryptogamic vegetation. The most 
stnkmg results have been attained by these investigations, in increased 
knowledge of the modes of development and reproduction of these organ* 

* cited in NeiuDiuin'a "Handbook of Skifl-DiseatieB," tmnBlated byDr. L. D. Bulkloy, 
New York, VtJ% p. 434. 

t "Compt«fl RenduB do rAcad^mie des Sciences," 1864, tome lix, p. 137. ■ 
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isms. Tbe pbenomena of the so-called alternation of generations and of 
migration from one habitat or locality to another, are by no meauB con- 
fiued toanimal parasites. On the contrary, themost remarkable iostances 
of both are to be found in cryptogamic vegetables. Fungi formerly 
regarded as diatinct species, and even as belonging to different genera- 
are seen to be successive forms of the same plant, following each other 
in definite order through tbe regular cycle of their annual reproduction. 

The three fungi, known as Trickobasis, Pucdnia, and .^Iddtum, appear 
in succession, as different members of the same specific generation, upon 
tbe cereal grains in summer aud in autumn, and upon tbe barberry in 
the spring; while correspondiug differences are to be seen in their spores 
and mode of germination at these different epochs. 

It would perhaps be difficult to imagine a scientific pursuit less likely 
to produce anything of value for practical medicine than the stndy of 
microscopic faugi growing as parasites upon other vegetables. And 
yat, if it should finally tnm out that these minute researches are prelim- 
inary to the discovery of a means for preventing or controlling an epi- 
demic of scarlatina, we can say with tmtb that such a result would not 
be more remarkable than many which have actually followed &om purely 
scientific investigations in chemistry and physics. 

At all events, it is certain that these botanical discoveries have bad 
an important iufiuence in directing medical research in the path which it 
is now following. It could hardly be otherwise, firom the moment they 
were found to have a direct connection with certain epidemic diseases 
in tbe vegetable world, some of which are of great practical conse- 
quence to us as affecting the annual supply of food. 

Let me remind you of the history of our knowledge in regard to the 
disease known aB,tbe potato-rot. 

This disease first made its appearance, so far as we know, about 
thirty years ago. The most destructive season of that epidemic in this 
country was was in 1844.* Previously to that time, the annual crop of 
potatoes in the United States amounted to over one hundred million 
bushels ; but, in conseqaence of the blight, it was redViccd in some parts 
of the country to one-half or even to one-quartw of the ordinary yield,! 

In 1845, it showed itself in England, Scotland, and Ireland, and spread 
with great rapidity. This is the account of it given by Mr. Cooke,^ one 
of the highest autboritiea on that subject : 

"It first appeared in the Isle of Wight, in the middle of August; a 
week afterward it had become general in the south of England, and at 
the end of a fortnight there were but few sound samples of imtatoes iu 
tbe London market. The course of the disease was this : in the month 
of July or August tbe leaves of the vines would be suddenly seen to be 
marked with black spots. Tbey then began to wither, and give off an 

* American Quarterly Jonni&l of AgdcnltiirB and Science, Jannary, 1B4&. 

t " Fat«Dt-Office Beporta, Department of Agricnltore," 1056. 

t " Introduction to the Study of Hicroscopio Faugi," London, 1870, pp. 144, 146. 
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offensive odor, and the disease spread so rapidly that the whole vine 
woald be blighted in a &w days, and a field, which had before been cov- 
ered with a laxoriaut growth, at the end of a fortnight was merely a 
Bcene of desolation, and looked as if it had been struck by a severe ftost. 
If the potatoes were immediately dng out of the ground, many of them 
were found already partially decayed, or touched with brownish and soft- 
ened spots." 

The disease broke out again in 1854 and 185S, and was destructive in 
the State of ITew York, in Bhode Island, Massachnsetta, Ohio, Illinois, 
and at various other points ;* and abont 1865, or ten years later, it jnade 
its appearance for a third time. I am told by an old and experienced 
farmer of Washington Coanty, ITew York, that in 1864 and in 1866 the 
potato-crop in that region was practically destroyed ; so that often in a 
twBDty-acre field there wonld not be a single good potato. Potatoes 
were nsnally to be had at that place for seventy-five cents per bushel, 
but in those years they were in some cases sold at eight dollars per 
bushel, for formers' consumption. 

This destmctive malady was at last found to be dne to the ravages of 
a microscopic fVingns, called, from its mode of fhictiflcatiou and its in- 
jurioas effects, the Peronogpora in/eatans. 

The fungns has a mycelium of fine, cylindrical, ramil^ing tabes. Its 
fi^ctifying part consists of filaments which stand up vertically from the 
mycelinm, dividing at the end into four or five branches, and each branch 
bears upon it several successive swellings, making a kind of saiuage- 
like chain, whence its name of " PeronoaporaJ* At the end of each 
chain there is a complete oval spore, and the spore, when ripe, detaches 
itself and germinates, to produce again a new mycelium. 

When the Peronoapora is placed in contact vith the leaves of a potato 
vine, its filaments penetrate into and through the epidermic cells, and 
BO reach the intercellular tissne of the leaf and stem ; and there tbey con- 
tinue to grow, producing a rapid withering and blight. When the parasite 
has attained a certain growth, it begins to frnctify. Its upright fila- 
ments burst through the pores of the leaves, and are crowned with 
the cbaract«riBtic chain of spores. Each spore, when ripe, if supplied 
with moistare, produces six or seven secondary zoospores, armed with 
long vibrating cilia, and capable of a rapid spontaneous motion. After 
moving about for a shori: time, the zoospore becomes quiescent, throws 
out an elongated filament, and germinates afresh. 

It is no doubt in this way that the germ of the parasite reaches the 
tuber of the potato at the root of the vine. For if sonnd potatoes be 
placed in the ground, and the surface of the soil be sprinkled with the 
spores of Peronotpora^aatH then watered from rime to time, the potatoes 
are foond to be infested with the disease in about ten days-t 

■"Patent-Office Eepoits, Department of Agricnltore," 1856; "MaaBacbnsetts State 
Board of Agriculture," 1856. 
) Bobin, "Traits dn MiOMBCopo," Poiia, 1871, p. 9W. 
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So the frncttflcation of the fiingus oaturally takes place upon th« snr- 
CEUie of the leaves of the potnto-vine. The spores £iU oQ, are carried by 
the raJD iuto and through the Boil, and so reach the potatoes beneath. 
Next year, whcu the infected potato-eyes are planted, germinatioa begiiiB 
agmn, the mycelium filaments grow upward through the stem and leaves, 
and in July or Angust fructification appears on the exterior as before. 

This si>ecie8 affords a good example of the extreme fecundity of the 
parasitic fungi. It has been estimated that, ou the uuder surface of a 
potato-leaf, one square line is capable of producing over three thonsand 
spores. Each spore jsnpplies at least six zoospores; so that from one 
square line we may have nearly twenty thousand reproductive bodies, 
each capable of originating a new mycelium ; and a square inch of sur- 
&ce may yield nearly three milllou such bodies. 

The mycelium filaments can penetrate the cellular tissue of a leaf in 
twelve hours, and, when established there, may grow and bear fruit in 
eighteen hours longer, while the spores are perfected aod ready to ger- 
Duoate in twenty -four Lours after they have been detached and placed in 
water. This fully explains the rapidity with which the disease is known 
to spread. 

The subject of internal vegetable parasites is of the greater impor- 
tance, because we now know that they may attack animals as well as 
plauta. The best illustration of these afifections is perhaps the disease 
which, under the name of pebrine, has been so destructive to ■ the silk- 
worm in France. Eight or ten years ago its effects were so serious that, 
in 1865, the annual production of silk iu that country was reduced to 
less than one-sixth of its former average, and the loss in money-value 
for that year alone amounted to twenty million dollars.* It waa due 
entirely to the influence of a microscopic vegetation, which destroyed 
the silk-wonn, and was readily commanicated to the neighboring bi-oods. 
It is plain, therefore, that the study of parasitic diseases, for many 
years, has been increasing in development and becoming of greater im- 
portance in general pathology. From being conflued, as at first, to a 
few cases of local disorder, it has now come to embrace a great variety 
of morbid affections. It has demonstrated (he close connection existing 
between animal and vegetable pathology, and it has shown that severe 
and even fatal constitutional disorders of the animal frame may result 
£rom the internal growth of microscopic parasites of a vegetable nature. 
And these facts have been ascertained by patient microscopic inves- 
tigation,and laborious experimenton the' developmeutof eggs and spores, 
and the phenomena of infection and contagion. It cannot be denied 
that the results, an far, are gennine. 

We now come to a part of the subject which may seem to be less 
directly connected with medical doctrines ; and yet it is one which, if it 
really have a bearing on pathology, gives to the whole question a char- 
acter of still greater importance. That is, the true nature of the process 
of fermentation. 

• Tyndah, " Fragmenta of Science," New York, 1872, ^. 2^ O O Q I l 
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The more essential pbeooiuena of fermentation have been known from 
time immemorial. If we add to a solution of sngar, or to any clear veg- 
etable-juice coDtailiing eagar, a email portion of yeast, and keep the 
mixture iu a moderately warm place, after a few hoursof appareutinac- 
tivity,certaiuremarkablechaDge8takoplaceinit: I. The liquid betimes 
uniformly turbid. 2. It la more or less agitated by minute bubbles of 
gns, wLich are generated in its interior, rise to the surface, and escaiM 
tliere. 3. The sugar gradually disappears from the solution, and alco- 
hol takes its place. 4. When all the sugar has been thus consumed, the 
gas-bnbbles cease tn rise, the liqnid again becomes clear and quiescent, 
its turbid contents being slowly deposited in a whitish layer at the bot- 
tom ; and, 6. This deposit is found to be itself a layer of yeast, often 
much greater in quantity than that originally added, and capable of 
exciting the same kind of fermentation in another saccharine liquid. 

Besides this, chemical investigation has shown that the gas evolved 
is carbonic acid, and that the weight of the sugar which disa[>pear8 la 
accounted for, within reasonable limits of accuracy, by that of the car- 
bonic acid and alcohol produced, with a little glycerine and succinic actd 
formed at the same time. It is therefore a chemical tmusformation, in 
which the elements of the sugar are separated from their combination, 
and re-arranged to form other nou-oitrogenous comitouuds. 

But it is a chemical change which will not take place spontaneously. 
It requires the presence of yeast artificially added, or of a natural fer- 
ment, present in the regetable-juice. The theory of fermentation for- 
merly in vogue was, that the nitrogenous matter in solution in the yeast 
excited, by its own molecular changes, the decomposition of tbe^ugar; 
taking by itself no direct part in the chemical phenomena, and neither 
absorbing nor discharging any of the materials of the solution. 

Id enumerating these facts I do not always follow the exact chroDO* 
logical order in which they were discorereil, nor do -I wish to take ap 
your time in alluding to ail the details and varieties of tiermeutatioD. It 
wilt be sufficient for our present purpose to bear in mind simply the main 
features of the process, namely^ the addition of ferment to a saccba- 
rine liquid, turbidity of the solution, decomposition of the sugar, appear- 
ance of alcohol and carbonic acid, and, Anally, reproduction of tbe 
ferment. 

Two hundred years ago Mr. Anthony Leenwenboeck was investigat- 
ing all sorts of natural objects with his newly -constmcted microscopes, 
consisting each " of a very small double convex glass, let into a socket 
between two silver plates." He examined the *b1ood-globnles, the ca- 
pillary vessels, the spermatic corpuscles, the structure of wood, of hah-, 
of teeth ; and with the same Instruments he saw in yeast little glob- 
ules collected into groups of three or four together.* But he had too 
many other novelties, all attracting his attention togetlier, to spend 
mnch time on any one of them, and he did not leam the nature or spe- 
* " PhiloBophicSil TruuaotioiiB," 1681, p. SOT. 
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cifle cbsracterB of the globales of yeaet ; he only determitied the bare 
fact of their existeuce. 

But in 1837 the French chemist Cagniard-Latotu* examined theyea8^ 
globules with more cm«. He measured their size, and foand them to be 
at mostjj^gof an inch in diameter. He declared that they were of » 
v^etable natnre, and that they multiplied by the process of budding. 
He called attention to the fact that during tbe fenneutation of beer the 
fbrment increases in quantity, producing at tbe end of the process six 
or seven times as much yeast as was introduced at tbe begiuniug; and 
he first broached tbe idea that " it is probably by some effect of their 
vegetation that the yeast-globules destroy the equilibrium of the ele- 
ments of the sugar." 

The theory, however, was at that time premature, and it did not meet 
with general acceptance. The existence of the yeast-plant, so fAr as 
then known, was an isolated fact, confined to the single case of ferment- 
ing beer. The opposite theory, of the catalytic action of an albuotinous 
liquid, was maintained by Liebig with ajl the force of his remarkable 
genius, and was consequently almost universally adopted. The yeast- 
plant was thought to be an incidental growth in the fermenting fluid, 
and uot to have any direct or important conneotion with tbe process' 
itself. 

About fifteen years ago a new epoch was inaugurated in the history 
of fermentation by the brilliant researches of Pasteur. The existence 
and growth of a fungoid vegetation were now found not to be confined 
to the single case of beer-yeast, bat to be a general fact common to tbe 
alcoholic fermentation of beer, wine, and bread, and also to a variety of 
other kinds, such as the viscons, butyric, andocetic fermentations. The 
fangns itself was industriously studied in its different genera and spe- 
cies, with their specific modes of growth and reproduction, like those of 
any other natural family of plants; so that tbe Sacckaromycea eerevisia, 
or theyeast-fuugosof beer,can now be distinguished from tbe other spe- 
cies of alcoholic ferments, as well as from the fiingi of other kinds of 



The different view thus introduced is most distinctly expressed by 
Pasteur himself. "According to the old theory," he says, " fermenta- 
tion is a process correlative with death, and depends on the decay of 
albuminous matter ; according to tbe new one, it is correlative with life, 
that )s,theactive growth and development of thetnngousvegetation. * * 
The yeast-globnles are actual living vegetable cells, capable of producing 
the trausformatiou of sugar, just as the cells of tbe mammary gland in a 
living animal transform the ingredients of tbe blood into the ingredientu 
of the milk." 

The discussions on this subject, which lasted for ten years, took a 
very wide range, and especially became connected with the kindred 
topic of "spontaneous generation." The experiments of Pasteur and 

<■ " AnnalBH de Chimie et de Fhyaiqae," 1638, tome IxTiii, p. 316. 
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others showed that the germs of the yeast-plaot may be disseminated 
by the atmosphere, and that the same precautioDS vhiob exclude theia- 
troductioD of germs from without into a fermentable liqaid also exclude 
the process of fermentation itself; so that we can now accept with confi- 
denca the double £act — I. That the growth and reproduction of the yeast- 
fiingus will take place only in a fermentable liqaid ; and, 2. Tbatsucb a 
liqtiid will fenuent only when the yeaet-fnngus is present ond in a state 
of active development. 

The revolution in opinion on this point was so complete that, in regard 
to the alcoholic fermentation at least, its esaeotial results were finally 
accepted by Liebig himself^ In his last treatise ou fermentation, pab- 
lished in 1871, he says: • "There no longer remains any doubt as to the 
nature of the fermentof beer and wine. It is a cryptogamic vegetation, 
more or leas fully developed ■ • ■ We may conclude that tJie * 
albuminouB matters of the yeast take part in its action upon the sngar, 
and it is evident that these albuminous matters acquire their property of 
exciting fermentation by becoming an actnal constituent of the yeast 
itseltl" 

Consequently, the fermentation of a saccharine liquid is the result of 
vegetative activity. We ndd to the liquid a few cells or spores of the 
yeast-fuDgos. These grow and multiply, and the turbidity of the liquid 
is dtie to their increase aud dissemination. They decompose its sugar, 
appropriate some of its elements, and leave as a result alcohol and car- 
bonic acid. When all the sources of their nontjshment are exbansted, 
fermentation stops, and the liqaid becomes clear, the yeast-cells subsid- 
ing to the bottom. Bat the ferment bos in the mean time been repro- 
duced, like so much grain which has been sown, raised, aud harvested; 
and a tittle of the deposit left at the bottom of the vessel, if introduced 
into another saccharine liqaid, will in turn reproduce the process of fer- 
mentation. • 

It is impossible not to perceive a certain analogy between the general 
phenomena of fermeutution and those of contagions and infections 
diseases. The period of incubation which intervenes between the ex- 
posure to a contagion and the apiiearance of the malady — the regular 
coarse of the symptoms — their natural termination within a definite time, 
aud the evident reproduction of the contagious element — all these facta 
were so many points of resemblance, which could not escape the atten- 
tion of medical observers. The analogy, indeed, has long been recog- 
nized in our nomenclature ; and the term zymoUe diseaaea cannot mean 
anything else than diseases depending upon some cause which acts alter 
the manner of a ferment. But this name was adopted only as a matter 
of convenience, and was understood altogether in a symbolical sense. 
Of late we have begun to suspect that after all it may be simply the 
expression of a literal fact. 

A similar order of discoveries has recently been made with regard to 
■ "Anualea de Cliimie et de Physique/' li^l, tome xxiii, pp. 9, 10. 
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putrefaction. This has a more immediaM oonnection wii.h pathology 
tliun fenneDtatioD, becanse it ia a change vhich takes place iu animal 
BubBtances, vhile fermentation, at least in its simpler fonuB, relates 
mainly to prodncts of a vegetable origin. 

Putrefaction was formerly regarded as the natural and inevitable de- 
composition of dead animal matter when exposed to the oxygen of 
the atmositheric air. But in reality something else is necessary. In 
every putrefying liquid there are a growth and development of minute 
living organisms. If we take a clear solution of any oitrogenized ani- 
mal or vegetable matter and expose it to the air at a moderate fempera- 
ture, after a short time it becomes turbid. This turbidity is the firet 
evidence of commencing pntrefaction, and it is exactly analogous to the 
turbidity of a saccharine liquid which is beginning to ferment. Micro- 
scopic exuminatiou shows that it is due to the presence of innumerable 
Bactcrium-celis, g^^j of an inch long, by -jchttb "*" *" ^^^ wide, moving 
in every direction, aud multiplying by a rapid process of subdivision. 
As long as putrefaction goes on, so long the Bacteria multiply. When 
it comes to an end the liquid' becomes clear, and there is a quiescent 
layer of Bacteria deposited upon the bottom. The least particle of this 
layer added to another albuminous liquid will excite putrefaction in it, 
aad will produce a new development of Baeterium-ceXlB, the qaantity of 
which is limited only by that of the albuminous matter which serves for 
their noarishment and growth. 

Ifow, Bacteria are the smallest and most obscure of living things 
Their minute size alone is a sufOcient obstacle, with our present micro- 
scopes, to theircomplete and satisfactory studyin all particulars. Never- 
theless, some important facts have been established with regard to them. 
In the first place, they are undoubtedly vegetable in their nature, and 
consist of cells which multiply by divisiou, not by budding. They 
require for their growth a temperature between the limits of freezing 
and boiling water. They consist of a protoplasmic matter, surrounded 
by an envelope of vegetable cellulose. They live upon nitrogenized 
and Ciirbooaceous organic matters in solution, and, like other colorless 
plants, absorb oxygen and exhale carbonic acid. They present a variety 
of genera and species, which may be distinguished from each other with 
some approach to accuracy ; and, of these, Bacterium termo is the most 
constant and indispensable inhabitant of putrefying iufusious. 

As to the true relations between bacteria and putrefaction, almost the 
samecourseof inquiry has been followed as in the case of the yeast-fuiigas 
and fermentation. At first regarded simply as an incidental accompani- 
ment of the process, tbey are now considered as its essential and imme- 
diate cause. This view is distinctly state<] by Dr. Ferdinand Cobn, to 
vhom we owe more definite information on the natural history and mi- 
croscopic characters of Bacteria than to any other observer. Dr. Gohn 
is a professed scientific and experimental botanist, and director of the 
Institute of Vegetable Physiology at Breslau. He was the first to 
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establisb, tweoty years ago,* the TegetAble nature and Btnictural rela- 
tioDS of Bacteria, aud be baa recently contribnted largely to oar kDovl- 
edge of tbeir classiflcatioo aud general pbyaiology.f According to bim 
tbe putrefaction of uitrogenoas organic matters is ueitber a spontaneons 
post-mortem decomposition, nor is it a simple oxidation under the influ- 
ence of the atmosphere. " It is rather a chemical process caused by tbe 
action of Bacterium termo. Just as sugar is never converted spqota- 
neously into alcohol and carbonic acid, and is brought into fermeDtation 
only by the yeast-fungus, so nitrogenous organic matters never putrefy 
of themselves, but only by means of the vital activity and innltiplication 
of Bacteria. • • • We may therefore," he says, " ^ply Pasteur's doc- 
trine also to tbe decompositiou of animal matters, and may adopt as 
true tbe seeming paradox that j^utrefaction it an incidental plienomenohf 
not o/deatk, but of vitality." 

Tbe proof tbat living Bacteria are the cause of putrefaction, and not 
merely its accompaniment, is thilt a pntrescible liquid which has been 
sufficiently boiled and received in a super-heated glass vessel may be 
kept in contact with the atmosphere indefinitely without putrefaction, 
provided the access of Bacteria be prevented by a plug of cotton-wooL 
Bnt, if tbe minutest portion of any liquid already infected with Bacteria 
be added, putrefaction at ouce begitis. Dr. Burdon-Sanderson, by a 
aeries of very important experiments in 1871,} has established tbe fact, 
which is also confirmed by the researches of Cobn,§ tbat contaminatioa 
by the germs of Bacteria takes place, as a general rule, not directly from 
tbe atmosphere, but by means of water and unclean moist surfaces ; 
while, on the other, hand, the germs of the mold-fungi, like peniciliom 
and mucor, are more or less constantly present In the air, and so readily 
gain access to orgauio substances, even in a dry atmosphere. Conse- 
quently, such substances, if properly protected against Bacteria, do not 
putrefy, but, on tbe other baud, maybecomecoveredwithamold-fungus- 
Dr. Sanderson even cut out tbe muscular tissae of the thigh of a recently, 
killed Guinea-pig, and hung it up under a bell-glass, using for tbis pur- 
pose a knife and books which bad just been subjected to tbe flame of a 
Bnnsen burner, but taking uo other precautions ; and for tbirty-one 
days, though tbe exposed tissues were overgrown with penicilium, there 
was no development o{ Bacteria, aud no evidence of putrefaction. 

Tbe natural history of Baeieria is especially connected with tbe qnes- 
tion of spontaneous generation, because they are the only class of organ- 
isms now remaining in which reproduction by spores has not yet been 
discovered, and because they ap[)ear so promptly and abundantly in all 
putrescible liquids under ordinary exposures. 

Whatever may be the difference of opinion, therefore, with regard to 

■ " Nova Acta Academic CKrolo-L«i>poliliii»," lib. xxiv, p. 1. 

i " Beitriige znr Biologie der Pflanzen," 1872, No. ii, p. 197. 

t " Thirtoentli Eeport ot the Medical Offlcei uf the Privy ConBeil," LondoD, 187L 

i "Beitriige znr Biologie der Pfliuiz«ii," No. ii, p. 1S9. 
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the possibility of apoDtaneoos generation within limited and exceptional 
conditions, there is hai^Iy a doubt remaining that as a rule, in the 
regnlar operations of nature, the Bacteria or their germs are, in point of 
fiust, conveyed from one pntrefyiug eabstance to another, and that putre- 
&ction is a process excited by contagion, aod accomplished only by the 
growth and uatrition of Bacteria. ' 

I^ was an important discovery, when it was found, ten years ago, that 
Bacteria might be developed in the interior of the living auimal or- 
gauism. Id 1863 and 1864, Davaine* showed that in the disease of sheep, 
known in France as "charhon" or "sang de rate," and called by the 
Germans <' mitdtrand," the blood of the affected animal, duiing life, con- 
tained Bacteria. He showed that the disease might be communicated by 
inooulatioa to other tmlmals, always with a fatal result, tmd always with 
the development of Bacteria in the blood previous to death. He after- 
wardt extended the same observation to cases of malignant pustule, 
which he declared to be one form of the "sang derate" disease. 
■ In 1S68 Vulpiant found that a fatal disorder might be produced io 
frogs by the administration of cyclamine ; that the malady was accom- 
panied by the development of £actma in the blood, and that inoculation 
of this blood reprodnced the disease in other healthy animals of the same 



' About the same time, Professors Ooze and Feltz,§ formerly of the 
University of Strasbourg, had been making researches in a similar direc- 
tion. They ejected putrescent liquids into the veins or subcutaneous 
tissue in dogs and rabbits, producing in this way a fatal artificial 8ep- 
ticmmia; and they found that Bacteria were developed in the blood of 
the animal simultaneously with the appearance of the febrile condition. 
But the effect produced did not stop there. The blood of such an animal, 
though not itself putrid, had become infectious, and would excite septi- 
eamia in another animal by inoculation. A still further remarkable rc- 
solt was obtained ft'om these experiments: "By reproducing in this 
manner," the authors say, " several successive inocalations, it becomes 
evident that the infections element is at last more active than the pntres- 
oent matters themselves. Iiyeetion of putrescent liquids is not so rapidj^ 
fatal as inoculation of the blood of an animal already infected." 

These facts have been confirmed by the observations of Davaine and 
Vulpian, which show the extraordinary activity of infectious blood, even 
at a high degree of dilution. Davainejl found that putrefied bullocks 
blood, injected into the subcutaneous tissue of the rabbit, was rarely 
fatal in doses of less than yjt^ of a drop, and never so in less than ^^(,g. 
But a series of twenty-five successive inoculations showed that g^ti- 
camioy once established, conld be transmitted to the healthy rabbit by a 

■ "Conipt«a Itendns del'Acaddmie des Scieocea," tomes Ivi, lis. 

t "CompteHRendiu," 1865,tomels,p. 1297. 

t " Archivea de pliyaiologie nomiale et patholo^qne," ld68, p. 466. 

V'BechercliescliiiiquesetezpMmeiitiilessQrlesiiialsdieamfectieiuM,'* Paris, 187S. 

II " Bulletin de 1' Academic de Mtfdecine," Septembre 17, 1B72. 
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dose of iafcctioDs blood so diluted that it repre8ent«d only one-trillioBth 
part of a drop. Vulpian* injected a rabbit with infections serum, and 
produceil death in twenty hours. A second rabbit was inoculated with 
th« blood of the first, dilnt«d to j^, and died in twenty-four honrs. A 
third rabbit was inoculated with the blood of the second, diluted to TitVo? 
and diet] in twenty-three honrs. A fonrth animal, inocnlated with the 
blood of the third, diluted to Ystljsaat (^'^^ in fifty-two hours; while the 
fifth, inoculated with a dilution of laflflJiiBiifOJ •»<»"« il'i but finally 
recovered. • 

lu cases of aeptieamia, therefore, the Bacteria really multiply in the 
circulation during life ; and the small quantity of infectious blood neces- 
sary to prodnce the disease is explained by their singuliu' activity of 
reproduction. 

These experiments certainly bring the stndy of morbid contagion into 
very close relationship with that of putrefaction and fermentation ; and 
there is no doubt that the analogies between them become more distinct 
and suggestive at every step of the investigation. It only remains to 
show tliat the same results will apply to diseases of more regular type 
and more familiar occurrence. 

If we were to choose any suigle morbid affection as a foir represent- 
ative of the whole class of contagious disorders, I supiwse smallpox 
would be the one selected. Its virulence, the certainty of itscommuni- 
cation, the abundance of infections matter generate<l, the regularity ot. 
its symptoms, and the definite periods of its incubation and develop- 
ment, all make it, so to speak, a kind of exponent of the essential guali- 
tie^ of infections disease. Besides this, itB singular relatums to vaccine- 
give it a peculiar interost; and the vaccine affection also, though, 
milder in its symptoms, is hardly less marked as a contagion tliau small- 
pox itself. Conclusions derived tnm experiments with either must be 
of great value in regard to the study of contagion as a whole. 

The first definite experiments in regard to the contagion of vaccine 
we owe, I think, toChauveau.f He endeavored to ascertain whether the 
contagious principle of vaccine lymph is in its liquid or in its solid 
portions. For this purpose he treated vaccine lymph by the process of 
ditfusion. Tbe result showed that the contagions property of tlie lymph 
does not reside in its liquid )>art, but in its solid eorpuscleii and gnmu- 
latiuns. The liquid withdrawn by diffusion, though uhvays found to 
contaiu abuudauce of albuminous matter in solution, failed when used, 
for vaccination; while that containing tbe solid granules possessed its 
normal activity and succeeded as fully as tbe fresh lymph. The results 
of these diffusiuu es{)eriments were confirmed by those of Dr. Buixlou- 
Sander8on,t performed subsequently. 

Cbauveau also adopted a second plan for investigating the same point, 

• Gazette Medicals de Paria, IffTJ, No. 3, p. 30. 

t " Comptes Renilas do I'Acaddmie ties SciencHB," Ir^, tome Ixvi, p. 2^. 

t "TiTulfth Report ot the HedicjU OeBcer of the Privy CoouciV Loodon, 187(^ gi^. 
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namely, tbat by dilution. The significance of this test depends on tbe 
following consideration: If the real vaccine virus be a fluid, it is of 

course uuiformly distributed' through all parts of tbe lymph ; and if this 
tj'mph be diluted to any extent, the fluid virus wilt still be equally dis- 
seminated throughout the whole. When tbe dilution becomes so great 
an to extinguish the activity of the virus, this acti\ity ought to dimin- 
ish and disappear at the same time uniformly through all parts of the 
liquid. Ou the other hand, if the contagious principle reside in the solid 
particles, each one of which is capable of reproiluciiig its kind, these par- 
ticles will only be separated from each other by the dilution, and made 
lees likely to be taken up in the drop nsed for vaccination. But, if one 
of them should be so taken up, it would still produce its fitTl effect. In 
this case, the number of successful vaccinations would diminish iu pro- 
lH)rtion to the dilution, and the number of failures would increase. But 
every vaccination which failed would fail completely, and every one 
which succeeded would produce a normal result. 

Chauveau's experiments showed that tbe latter supposition was cor- 
rect. Vaccine lymph might be diluted with from two to eighteen times 
its weight of water without sensibly losing in efScacy; and in one case 
Hie experimenter obtaineil a single pustule from a number of vaccina- 
tions made with lymph diluted to y^. He oI>tained, however, the most 
remarkable results with the IjTnpli of sheep-jiox, upon which he experi- 
mented largely." He inoculated the same animal, by' twenty -one punc- 
tures, with pock'Iymph diluted to j^n i ^"^ '*^ these twentj'-one ittocu- 
lations eight failed, while thirteen gave origin to full-sized pustules. 
He then diluted the i>ock-lymph at once to jj,i^^ ; and with this diluted 
lymph, out of twenty inoculations he obtained only a single pustule, but 
that .pustule presented its normal features, and went through the usual 
stages of development. 

The active properties of the IjTnph of vaccine and variola, therefore, 
do not reside iu it^ liquid ingredients, but in its solid corpuscles. These 
corpuscles, which were already observed by Chauvean and Burdon-San- 
derson, have been recently examined and described with great care by 
l>t. Cohn.t This obser\-er adopted every precaution against the intro- 
duction of foreign elements into tbe lymph. Some children with healthy 
vaccine vesicles were brought to the Botanical Institute, the vesicles 
opened with a new, unused lancet, tbe lymph taken up by aspiration iu 
a recently- heated capillary glass tube, dropped upon a microscope-slide, 
iuid fitted with a glass cover, both the slide and cover having just been 
thoroughly cleansed with ammonia and boiling water. The edges of the 
cover were then lacquered down, to exclude the air, and the lymph-cor- 
pitscles examined at successive intervals of time. 

AccordingtoDr.Oohn's observations, these corpuscles are single cells 

' " Cumpt«B Rundns," 1868, tome Ixvii, p. 749. 

t " OrgaaianxMi iu <lcr Puckeulyniplie." ArcMv fur pntholugiscbe AuatoDoi? nud 
Vhyniologiv, 1872, pp. 55, 229. 
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of it Spherical form, not more tfaaii j^gg of au inch in diamflter. The; 
belong to the genus Micrococcus, and those of the vaccine lymph niv 
designated by tiie name of Mia-ococcus vaccintB. They iocreaae in num- 
bers if kept at the temperature of the living body, forming chains and 
groups of associated articulations. Dr. Gohn finds similar bodies iu 
the fiuid of smallpox vesicles, identical in size and appearance with 
those of the vaccine lymph. " We mast, therefore," he says, " for the 
present regard iho pock-lymph corpuscles as living and independent 
organisms, belonging to the smallest and simplest of all living things, 
which multiply, without formation of myceliain, by cell-di risiou alone, 
and perhaps also by the production of resting spores." 

Finally, another kind of micrococcus has been described by Dr. Oertel.* 
of Vienna, and by Prof Ebert,t of Ziirich, as constantly present in cases 
of diphtheria ; and both observers have found that its inoculation in dif- 
ferent parts of the body in healthy animals produces a diphtheritic mal- 
ady, having its starting-point at the place of inocnlatioo. 

The contribationa to medical literature on this subject have increased 
oflate with nnusnal rapidity. Since the beginning of 1870 more than 
two hundred distinct publications have made their appearance, either 
in the medical journals, or as separate volumes, on septicaemia and 
diphtheria, on micrococcus and bacteria, the ferment-corpuscles, ferment- 
ation and putrefaction, their relation to contagion and infection, and 
kindred topics. Many of these essays are extremely important, others 
of more or less doubtful valae. I hare not attempted to notice them 
all, bat only those which seem to have really established some new facts 
relating to the origin and propagation of disease. Should the discov- 
eries of the next ten years continue to lead in the direction now indi- 
cated, it will illustrate more fully than ever the intimate relation' which 
exists between all the branches of medicine and natural science ; for it 
will show how large a part of hnmau pathologj- is conuected with the 
general physiology of vegetative life. 

In connection with this subject a considerable degree of interest at- 
taches to the ingenious experimeutR of Professor Tyndall on the dust- 
particles suspended in the atmosphere. The fact that the atmosphere 
is almost never &ee from floating molecules, diffused iu greater or less 
abundance by the air-cnrreDts, has for a long time attracted attention; 
»nd it is a common observation that these dust-particles, even when iu- 
visible by difTused daylight, may at once be rendered evident by admit' 
ting a sQubeam into a darkened apartment. The minute particles then 
reflect the light, and become distinctly visible in the track of the beam 
by contrast with the surrounding non-illuminated space. Professor 
Tyndall, by passing the electric beam through a closed glass tube, has 
xhown that the atmospheric air, however transparent it may appear to 
ordinary vision, is never so free from suspended particles that it will cot 

* "DcutwhcwArchiv fllr kliiiischv Meilicjn," 1(471. B. viii, p. 2«i. 

fZarKentnuedeTbacteritiscbeuMykoseii," Leipzig, ltf72. >Oq[c 
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betray their preseuce, under such circumBtaDces, by a lumiiioas track 
passing lengthwise tbrougli tbe tube. la following out tbeae investi- 
gations, lie arrived at two ratbei' uuexpected and somewhat impoitaat 
results. 

The first was that the solid corpuscles io suspension iu the atmo- 
sphere are to a very great extent of organic origin. As the dust which 
settles upon our shelves and moldings, when collected and examiaed, 
-was knowu to be largely composed of mineral particles, it was naturally 
thought that the floating impurities of the air were probably of a similar 
character. But when Professor Tyudall allowed the illuminated electric 
beam to pass directly over tbe flame ofaspiiit-lamp, he found that a per- 
fectly dark 8|>ace was cut out of the beam — wreaths of darkness rising up- 
ward from the tlame and taking the place, at that point, of the luminous 
particles. A hydrogen flame, a red-hot poker, or a bundle of incandescent 
platinum wires, placed in a similar position, produced the same effect. 
That is, the floating molecules of the air, which have the powerof dis- 
persing the light of the electric beam, instead of being rendered incan- 
descent and more luminous than before by a high temperature, are de- 
stroyed by it and resolved into transparent vapoi-s. They are Uierefore 
combustible and organic. 

This fact is of great importance, because it gives us our first definite 
knowledge with regard to the nature of the gTeat«r part of the atmo- 
spheric dust. If this be really the channel by which genus of disease 
are disseminated in the form of distinct corpuscles, we shall never be 
fully satisfied until we have been able to examine and recognize them, 
80 as to place the fact beyond a donbt. But thus far it ha^ been found 
exceedingly difficult to capture and place under the microscope tbe mi- 
nute ingredients of the atmospheric impurities. This has, it is true, 
been accomplished for a very few of the simpler and well-known fungus 
genus; but as for the larger portion of the floating particles which a 
sunbeam brings into view, our knowledge has heretofore beeu limited 
to the mere fact of their existence. It is therefore a great step to learn 
that, whatever may be their remaining characters, they are at all events 
of organic origin. The minute size of tlieae bodies, and especially their 
lightness, no doubt explain fully the persistence with which they are 
raised and disseminated by the gentlest air-currents, while the heavier* 
particles of a mineral nature are more readily deposited in the form of 
dust upou all inclined and horizontal surfaces. 

The second fact brought out by the observations of Professor Tyndall 
is the extreme difficulty of excluding from the air all of its finer dust- 
particles, so as to obtain it absolutely free from suspended matter. The 
electric beam, passing through the glass tube before spoken of, was used 
by the experimenter as a test for the presence of solid impurities in the 
air contained in the tube. As the beam is, of course, invisible by itself, 
and becomes perceptible to the eye only by meeting with bodies capable 
of reflecting it's light, any luminosity in itstrack through the tube would 
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indicate the exUtcDce of floating pnrtides ia the contained air. It was 
fumid by this t«8t that, cuntrary to expectation, air which had beeu 
passed in Buvcesaioit through tubes coutaioing fragments of glass wetted 
with concentrated sulphuric acid and with a solution of caustic potash 
immediately befureitsadmisfiion to the tube slill coutained similar impu- 
rities. Even when it had Ijeen allowed to bubble through the liquid sul- 
phuric acid and caustic potash, the electric beam still revealed the pres- 
euce of suspended matter. Either the contact of these liquids could 
not be made sufficiently complete with all parts of the air passing 
through them, or for some other reason they failed to purify it entirely 
of its organic iugredients. 

But a burning temperature succeeded in accomplishing the object. 
A platiuum tube, containing a roll of platinum gauze, was placed iu a 
small gas-furnace, and heated to incandescence. The air was slowly 
drawn through this apparatus, and then, when admitted iuto the glass 
experimental tube, was found to be absolutely ft«e ftom suspended ma- 
terial. The electric beam passed through it, from end to end, without 
exbibitiug any Uimiuosityj the interior of the tube being perfectly dark, 
while outside of it the track of the beam was lighted up by floating dust- 
particles, as before. A tube ailed with air in this condition was said by 
Professor Tyudall to be optically empty; that is, it contained only the 
transparent gases of the atmosphere without any iidmixture of corpuscles 
capable of reflecting light. 

The air may also he freed from its suspended impurities by filtration 
through cotton-wool. A quantity of this substance was packed rather 
tightly iu a glass tube, so as to form a thick, porous plug. The air, 
drawn tlirough this tube into the experimental receiver, showed itaelf to 
be non-lumiuoiis, and consequently pure. This property of cottou-wool 
has beeu ofteu utilized in experiments oa the uecessary conditions of 
organic development, and it is found that air thus thoroughly filtered 
does not carry with it any germs capable of producing infusorial or veg- 
etative life. 

Finally, Professor Tyudall also demonstrated that air, which has once 
passed through the deeper portion of the respiratory passages, has uu- 
dergoue a similar filtration. If the expired breath be made to traverse 
. a liuninous electric beam, it at first produces upon it no visible ett'ect. 
But towanl the end of the expiratiou it makes itself evident by a dimi- 
iintion in the amount of dispersed light, and at last extinguishes com- 
pletely the luminosity of the beam, cutting out at the point of contact 
a perfectly dark space. Precisely by what mechanism this filtration is 
accomplished it is not easy to say, since the smallest of the pulmonary 
passai^ea in the human lung have a diameter of not less than one-fifth of 
a millimeter ; but there can be little doubt, in point of tinct, that by the 
time the air reaches the ultimate divisions of the respiratory cavities, it 
is thoroughly freed from the ordinary suspended matter which it cou- 
tained on entering the trachea. 
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ON LATER VIEWS OF THE CONNECTION OF ELECTRICITY AND 

MAGNETISM. 



REVIEW OP MATHEMATICAL THEORIES. 
By Pitut^ssoR Hblmholz. 



[From the LoudoD Acndemy.] 
Tbe problem of detenniDing the primary causes of the so-called elec- 
tro-magnetic and electro-dynamic phenomena is connected intrioaically 
with some of tbe most important tbeoreticsU questions of natural phi- 
losophy regarding tbe general character of force and tbe esseutial 
attributes to be ascribed to tbe medium nhicb fills space. The subject-, 
therefore, bas attracted tbe attention of natural philosophers and 
mathematicians since the time of Oersted's first discovery regarding 
the deviation of » magnetic needle by a galvanic current, in 1820, till 
the present moment; and this alteutiou bas growu even the more 
intense and concentrated the more our knowledge of the experimental 
facts approached to completeness. Tbe force of gravitation, Newton's 
grand couceptiou, has been hitherto the model for nearly all the scieu- 
tific hypotheses by which philosophers have striven to connect and to 
explain the various kinds of physical and chemical phenomena. Hy- 
potheses of this kind, based on the assumption of forces acting between 
two material points along the straight line of their junction, either 
attracting or repelliug, the intensity of which is independent of time and 
velocity, but dependent on tlie distance of tbe two points, have been 
applied with great success, not only to tlie effects of celestial and ter- 
restrial gravity, but also to those of elasticity in rigid, fluid, and gaseous 
bodies, including the phenomena of sound and tight. In the theory of 
heat and chemical actions, it appears highly probable that we have to 
do with forces of tbe same kind, although of a mncb more limited 
sphere of activity. In consequence of tbe extreme complexity of 
causes and conditions, only very small parts of these branches of 
science have been worked out so far that tbe connection between actnal 
phenomena and elementary forces can be traced the whole way and . 
deduced by mathematical analyms. Tbe nearest analogy with the laws 
of gravitation we find in the phenomeua of electricity and magnetism 
as long as these agents are in a state of repose and equilibrium. We 
find the same law of actiou at a distance, and tbe inferences derived 
ft^m this law are even more open to controlling experimental measure- 
ments of the highest degree of precision tban those of gravitation, or 
of the molecular forces, which keep up the motion of heat, proiluce 
cbemic:il combinations, and are the alternate cause of elasticity. The 
very existence of tbe electro-static and magnetic forces must have 
increased a good deal the tendency of natural philosophers to genemlizo 
this kind of hypothesis, which answered so well to tbe requirements of 
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science, and to consider the attributes of these forces eoumerated 
above as the general and necessary attributes of all ultimate forces of 
nature. 

lu order to distinguish the forces of this description by a short name, 
I may be allowed to call them forces of the first class. For«» the 
intensity of which depends either on time or on velocity may be dis- 
posed of in a second class. 

Aie there really alternate and elementary forces, which are to be 
reckoned into this second class, which cannot be reduced into an aggre- 
gate of forces of the first class, aud do not bend under that great gen- 
eralization, like the majority of other physical aud chemical forces t 
This is, evidently, a question of the highest theoretical interest, and 
the problem of electrodynamics turns out so important, because the 
so-called electro-dyuamic forces, acting between two electric currents, or 
between one such current and a magnet, seemed really to afford an 
example of the second class. 

First among them we have the discovery by Oersted of the forces 
mov-ing ponderable matter, (pondero-motor forces, according to Prof. <J. 
Neumann's nomenclature,) aud the laws of their action were brought 
into a relatively simple, accurate, and comprehensive formula by 
Ampere. These forces aie completely latent as long as electricity is in 
a state of rest; they become active when electricity begins to flow 
through conducting bodies. This appears as a first fundamental difl'er- 
euce between electro-dynamic forces ami those of the first class, a gen- 
eral characteristic of which is, that their action is not at all altered 
by any motion of the points between which they act. iSecondly, the 
electro- magnetic force of a galvanic wire carries the pole of a magnet 
round the wire without end and without ever leading it to a place of 
equilibrium and rest. All the forces of the first class, ou the contrary, 
tend to carry the bodies which they move to a certain final resting- 
place. This relation, moreover, is reciprocal; for just as a magnetic 
pole is carried around an electric curren t, a galvanic wire can be carried 
uronud a magnet or around a coil of wire, through which an electric cur- 
rent passes. 

A secoud class of electro-dynamic phenomena are the induced currents 
discovered by Faraday in 1831. In these cases, the electro-dynamic forces 
do not act on imnderable matter, but they act as electro-motor forces ou 
electricity itself. They drive the op[H>8ite electric fluids of a wire into 
opposite directions, either when another wire carrying an electric cur- 
rent is in motion relatively to the first wire, or when the intensity of the 
current in the secoud wire is altered. Instead of the second wire, a 
magnet may t>e substituted. It produces an induced electro-motoric 
force either when it is moved or when the intensity of its magnetism is 
altered. For all these electro-dynamic actions, a magnet may be con- 
sidered always as a system of electric curreuta, flowing circularly around 
the magnetic axis of every magnetized particle. 
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These electro motor forces, induced by electro-dynamic aJilioD, show 
the same charftcteras the pondero-motor forces before mentioned. Tliey 
depend oo motion, and the lines along which they act are dosed lines 
without end ; for a magnet, losing its magnetism, induces electro-motor 
forces in circular directions all around its axis. 

In spiteof this fundamental diflTerenceiit has been proved by the experi- 
ments of Mr. J. Prescott Joule and by the general theoretical deductions 
of Sir \V. Thomson and the author of this article, that all the known 
effects of electro-dynamic action are snbject to the great principle of con- 
servation of energy, although a theoretical deduction of this nniversal 
principle of nature can l>e given only for forces of the tirst class, which are 
independentof motion, and which tend always to a final positionof equilib- 
rium. It can be proved that when an electric currrent, by moving a mag- 
net, does mechanical work, the current induced by the motion of the mag- 
net alters the relation between the chemical processes going on in the bat- 
tery and the heat evolved in the galvanic circuit, so that a part of the 
chemical forces is not spent in the prodnction of heat, but used for the 
mechiinical work of the electro-dynamic forces. 

Thei-e are two principal questions which have been discussed: the one 
aquestiou of fact; the other a question of theory. 

The first is this: hitherto we knew with some degree of accuracy 
the electro- dynamic actions of closed galvanic currents only, viz, of cur- 
rents which circulate along a dosed line or a syst«m of closed lines, aud 
have no end, where electricity tfould be obliged to stop aud to accumu- 
late. The investigations of Ampere, Gauss, Neumann, (senior,) Kirchoff, 
W. Thomson, &c., have led to a highly-developed mathematical theory 
of closed currents, which enables us to calculate their electro-dj namic 
efi'ects for circuits of any length and form, and which has been compared 
with actual esperimeAtal measurements of the highest degree of i>re- 
cisioo. 

But thereexistalsocurrents with ends, as fur instance those produced 
by the discharge of a Leyden battery in the wire which connects the 
tin-foil coatings of the glass jars. These coatings are the ends of the 
conducting wire, aud they are separated by the insulating glass of the 
jars. We know that the wire produces electro-dynamic efi'ects during 
the discharge, like a wire closing together the ends of a galvanic bat- 
teiy, and that the currents in snob a wire go to and fro, oscillating 
between the two tin-foil coatings; but we do not yet know experiment- 
ally how far these electro-dynamio actions are modified at the place 
where the conducting circuit is interrupted by the insulating glass. 
This question may be of little practical importance, because the actions 
in question cannot but be very feeble, and it will require great experi- 
mental skill to make them visible- On the other band, in order to define 
the ultimate causes of electro-dynamic actions, it is necessary to know 
■with certainty the part which every linear element of a current coutrib- 
utes to its general efi'ect, and the linear elements even of a closed 
■circuit are not dosed lines, but lines with two ends. (^{xiolr 
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Ampere has derived bis well-kuown law of tlie attracting or repelling 
fbree between two linear elements of electric currents, not, however, 
witboat introducing into bis reasoning a bypotbesis. He assutued, 
namely, tbat between every pair of snob elements tbere acta only one 
force, not a conple of forces, and tbat tbe direction of tbis force is tbe 
Btraigbt line joining the center of the elements. 

Anotber elementary law was derived from tbe phenomena of indnced 
carrenta at first by Gauss, as eariy as 1S35, but not publislied, and 
afterward by Prof. F, E. Neumann, (senior,) of Konigsberg, in 1845. 
The mathematical expression of this law was based on the value of the 
mechanical work wbicb conid be done by Ampere's forces, or, as it was 
called in analogy with the nomenclatnre applied by Green and Ganss to 
magnetic and electrostatic forces, on tbe value of the electro-dynamic 
potential of two currents. This valae again was determined completely 
only for closed circuits, but its mathematical expression led to a value 
of the same quantity also for linear elements, wbicb is much less com- 
plicated than that of Ampire's forces. To calculate it, take tbe product, 
1, of the intensities of the two currents; 2, of the length of both the 
linear elements; 3, of tbe cosine of tbe angle between tbe directioDS of 
tbe latter, and divide by their distance. 

Taken negatively, tbis potential expresses tbe potential energy of tbe 
pondero motoric forces which is spent when two currents move witiiont 
altering their intensity, iind the forces can he calculated from tbe vulae 
of this energy by well-known methods. Taken positively, the same 
potential gives tbe value of tbe energy, which is equivalent to the exist- 
ing motion of electricity, and which is spent in induced currents if the 
intensity of the currents or their position in space is altered. In tbis 
way this whole chapter of physics, containing the greatest variety of 
new and surprising phenomena, has been brought under one most 
simple law. 

As hast>een said already, tbe value of tbe electro-dynamic potential is 
completely determined for closed circaits, hnt not for linear elements. 
To tbe latter, certain arbitrary functions may be added without altering 
tbe potential of closed circuits. Neumann had already remarked tbis 
ambiguity. In my first paper I have treated this question, and have 
striven to find oat such consequences of the theory as might lead 
to an experimental decision of tbe problematical point. I limited tbe 
arbitrariness of tbe unknown function by tbe assumption that tbe 
law according to which tbe unknown part of tbe potential depends 
on distance is the same an for the known part. Then tbe whole 
uncertainty is reduced to tbe value of one unknown constant, wbicb 
plays in the theory of electricity nearly the same part as the second 
constant of elasticity in tbe theory of elastic solids. I was able to 
decide one im|>ortant point at least, namely, that tbis new constant 
cannot have a negative value without prodncing an unstable equilib- 
rium of electricity in conducting bodies. Under such an assumption 
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certain tnotiona of electricity, aa, for instance, radial oscillations in 
» cooducting spliero, ought to grow without end in intensity and to pro- 
duce an infinite quantity of motion and of heat, which, of course, mnat 
be regarded as impossible. This inference was of some importance for 
oar choice between the differeut theoriea of electro-dynamics, because it 
aboned that the laws of induced currents derived from the hypothesis 
of W. Weber, aod in the same way those derived from the different 
hj'potbesis which Prof. 0. Neumann, jr., baa proposed, are inadmis- 
sible, leading, as they do, to unstable equilibrium of electricity. I 
do not think that my objections liave been invalidated by the argu- 
ments brought against them by my opponents, but this I mast leave 
to the judgment of my mathematical readers. 

I may omit here, perhaps, another point of discussion. Mr.G. Neumauu 
believed that the law of the forces derived from the value of the poten- 
tial led to iutereuces opposed to the results of experiment in those cases 
where one part of the conducting wire slides along the surface of another 
{tart of the same circuit. I have striven to prove that there is no 
contradiction between the law of the potential, rightly interpreted, and 
the observed facts. 

Tbe potential theory, when applied to tbe calculation of the pondero- 
motoric forces, produced by aud acting ou unclosed circuits, gives 
not only forces acting between two linear elements of electric cur- 
rents, according to the law of Ampere, bnt also other forces acting be- 
tween the end of the current and a linear element of another, and forces 
acting between two ends. At the extremities of an open streamline, 
quantities of free electricity are either appearing or vanishing. We may 
say, therefore, that those forces are acting between electricity tn statu 
nasceiidi and streaming electricity. 

It was not diDicult toprove that the law of the electro-dynamic poten- 
tial was in accordance with the principle of conservation of euergy, even 
for currents with open ends. It was to be questioned if tbe same is tbe 
case for tbe original law of Amp&re. This questiou has been investi- 
gated by Mr. Neumann, jr. He bases bis reasoning on tbe suppo- 
sitiou that forces, one of which acts between every pair of linear 
elements of currents, are the only poodero-motoric forces existing. Be- 
sides, be suptwses that the forces of superimposed currents are sim- 
ply superimposed themselves, and that the principle of conservation 
of euergy is valid. He concludes from a very clever and skillful analy- 
sis that these assumptions are sufficient to determine all the ques- 
tionable points. But the law of induction produced by change of inten- 
sity, which results from his analysis, corresponds to an unstable equilib- 
rium of electricity, and to a negative value of tbe constant, introduced 
by Bijself. I infer, therefore, from the results arrived at by Prof. C. 
Seumann that his hypothesis is inadmissible, and that there must exist, 
in reality, other poudero motoric forces at the ends of currents besides 
those of Amp^. I think that tbe theory based on the existenoe of aa 
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electro dynamic potentiiil in tbe otily theory bitlierto known which gives 
ft complete and nnobjectionable expression of all the different classes of 
electro-dynamic pheoomena. It is recommended, besides, by tbe extreme 
simplicity of its fundamental law. 

TSovr we come to the second fundamental qaestion. It mnst not be 
forgotten that the mathematical laws hitherto spoken of give not au 
explanation of tbe ultimate vera cauaa of electro-dyuamie effects, bnt 
only a comprehensive and precise determination of their quantitative 
value. They perform as much for the knowledge of these actions as tbe 
laws of Kopler did for astronomy. But the work of Newton has also 
to be done for this branch of science. 

la order to find the real elementary canses of eleetro-dyuarait; effects, 
two different ways have been followed, the one by Gauss, the other by 
Faraday. 

Ganss thought that the distiugnishing peculinritiea of electro dynamic 
forces might depend on the time which they required to reach distant 
tmints of apace. Among the papers published after hisdeiitb, in the col- 
lection of his works, there are some very remarkable attempts of this 
kind. One of these papers, written in 1834, (Ganss, Werke, bd. v, p. 
617,) contains the nucleus of a theory similar to that published some 
time later by bis friend and collague, Prof, W. Weber, and perhaps 
even less objectionable. But Gauss did not publish anything aliout this 
subject. " Nil avtum reputans, si quid superesset agendum," as he says 
himself. 

Among the theories of this kind which have receive^l tbe most elabo- 
rate development, and have met for a long time with tbe almost general 
asseut of continental philosophers at least, was tbe theory of Prof. W. 
Weber, of Gottiugeo. It has played s prominent part as the theerelicnl 
basis of the highly important experimental meaunrements by which 
Professor Weber determined the fuodamental natural constants of this 
branch of science. According to this hypothesis, every quantum of 
electricity exerts upon every other quantum a force the valne of uhicli 
not only dejwnds on the actual distance of the two electric quanta, bnt 
also ou the velocity with which this distance is changed and on tbe 
acceleration of this velocity. 

Sir W. Thomson and Prof. P. G. Tait were the first who pronounced 
this hypothesis of Weber to be contradictory to the principle of con- 
servation of energy, without specifying their objection. I was led to 
tbe same inference by independent investigations, as mentioned above. 

Besides this, the late Professor Itiemann and Prof. C. Nenmann, jr., 
have tried to develop the idea of Gauss. Tbe latter has given a rela- 
tively simple mathematical form to the assumptions necessary for this 
end. These assumptions, interpreted physically, are rather startliug, 
and, besides, this by[iotbesis leads to the same contradiction of the law 
of cooserratioD of energy aa tbe law of Weber. Hitherto, therefore, 
tbe theoretical attempts of this class hare not been very successful. 
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Anotber way has been eutcred upon by Faraday. He objected to all 
forceB acting into distance without intermediate links of connection, 
and be endeavored to show that electric forces spread ont by contiga- 
OU8 modifications of the medium, filling the space between the electri- 
fied bodies. He sncceeded, at least, in proving that electric as well as 
magnetic action into distance is not independent of the medium through 
which it is propagated; and the phenomena of diamagnetism, discov- 
ered by bim, go on in anch a way as if diamagnetic bodies bad even 
less magnetic polarity than the ether of a vacuum. Faraday concluded 
from bis researches that the molecules of electric insulators (dielectric 
media) are infinenced in tbe same way by electric forces as the molecules 
of magnetizable bodies are influenced by magnetism ; that a separation 
of the two electricities, or, as he calls it, dielectric polarization, goes on, in 
the first case, as there is a separation of the magnetic fluids, or magnetie 
polarization in tbe second. Prof. C. Maxwell has brought these coucei>- 
tions of Faraday into a precise mathematical form. He dispenses com- 
pletely with forces acting at a distance, and assumes actions going on in 
every elementary volume of etber of the same direction and of the same 
kind as the electro-magnetic actions between magfietsand galvanic con- 
ductors of common size and distance. According to bis opinion, every 
change of magnetic polarization in an elementary volume of etber pro- 
daces in tbe same element an electric force of a circular dii-ectionarouud 
that of the magnetic momentum, and every change of dielectric polariza- 
tion, which is equivalent to a flow of electricity through tbe molecnie, 
produces magnetic force, acting in a circular direction through the same 
molecule. In tbe interior of electric conductors he supposes that dielec- 
tric polarization is continually fading away by a certain imperfect elas- 
ticity of tbe ether. These assumptions give, indeed, a sufficient basis 
for tbe development of a complete mathematical theory of electro-static, 
electro-dynamic, and magnetic phenomena. It is in perfect accordance 
with the results of experiments hitherto performed, and with tbe laws 
derived from the existence of an electro-dynamic potential, at least for 
moderate distances, through which light is propagated in a time tbe 
duration of which may be neglected, But the theory of Maxwell also 
indicates that electro-dynamic action is not propagated instantaneously 
into distance, and it ia highly remarkable that the velocity of tbe propa- 
gation, calculated from experimental data which were obtained at lirst 
by W, Weber, coincides almost perfectly with the velocity of light. 
This coincidence had been remarked before by Kircboflf for the propa- 
gation of electric currents in conductors of infinitely small resistance. 
An etber, iudeeii, with the faculty of electric and magnetic polarization, 
which Professor Maxwell ascribes to tbe ether of insulating media, can 
propagate transverse electric and magnetic oscillations with the veloc- 
ity of light. Magnetic and electric oscillations must be combined in 
this case always in such a way that their directions are jierpeudicular 
to each other and to tbe direction of propagation. The old oudulatory 
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theory of light, in wbich tbe mechanical atti ibates of a rigid elastic Bolid 
are ascribed to the etber, is beset with mauy theoretical difficulties. It 
appears that tbe new electro- magnetic theory of light answers better iu 
some cnses, as, for instance, iu tbe theory of reflection and refraction ; 
whether it does so everywhere must be decided by its further elabora- 
tion. This natural and uusought-tbr connection of tbe new electro- 
magnetic theory with the theory of light is, indeed, an important suc- 
cess, which gives rise to tbe greatest hopes for tbe future. 

In Lis former papers, Professor Maxwell has already shown that the 
same kind of influence wbich, according to bis electro-dynamic theory, 
neighboring elementary volumes of ether bave upon each othA, can 
be imitated by a mechanism containing a system of rotatory elastic 
spheres, every one of wbich acts on its neigbttors by means of a system 
of friction -balls interposed between them. Such a mechanism may 
appear rather too complicated for the strncture of tbe ether; nevertheless, 
it is a result of great general importance that actions tbe laws of which 
are congruent with those of electro-dynamic phenomenacan be produced 
by the play of common mechanical forces. 

fiecently Prof. Clerk Maxwell has given, in his treatise, (p. Ill, ch, 6,) 
a more general and abstract demonstration of the same result, derived 
from Lagrange's (or Hamilton's) general principles of mechanics. He 
takes for that end tbe electro dynamic potential as expressing tbe m» 
viva of all the known and unknown motions which are connected neces- 
sarily with the motion of electricity in a conductor. Withoat any special 
assaiDption about tbe nature of these motions, the laws of poudero-mo- 
toric and induced electro- motoric force may be deduced from this con- 
ception in its most general form. This shows again that electro-dynamic 
forces are subject to tbe same general principles of action as common 
mechanical forces. 

The two volumes lat«ly published by Professor Maxwell contain not 
only this new theory, bnt a very complete, methodical, and clear expo- 
sition of all those parts of electric science which could be brought under 
precise theoretical conceptions, and be developed mathematically. He 
has done a great service by this work to every'student of physics. 
Hitherto we were obliged to search after the papers treating the dif- 
ferent jtarts of this subject through a great number of scientiflc period- 
icals and books. Besides, in relation to the original parts of tbe book, 
principally tliose treating of the ultimate causes of electro-dynamic 
action, I do not hesitate to say that I consider his method of forming 
new theoretical conceptions, which are at tbe same time perfectly definite 
in their quantitative determination and yet as general as possible, and 
not more specified than is needed, or more than our present knowledge 
of tbe facts allows, as really a model of cautious suientitlc progress. 
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ACTION AT A DISTAHOB. 
Bv PROKBasuR Clbhk Maxwell. 
[Fiom tbe FroceeiliDgs of (he Loadoo losUtatioD.] 

I have no new discovery to bring before yoa tbie eveniDg. I maet ask 
yoa to go over very old gronud, and to turn your attention to a qnetttion 
whicb has been raised again and again ever since men began to think. 

Tbe qaestioD is that of tbe tranemisskin of force. We see that two 
bodies at a distance from each other exert a mataal indnence on each 
other's motion. Does this mutual action depend on the esisteoce of 
some Mird thing, some medium of communication, occupying the apace 
between tbe bodies, or do tbe bodies act on each other immediately 
without the intervention of anything else! 

Tbe mode in which Faraday was aoenstomed to look at phenomena of 
tibia kind differs from that adopted by many other modem inquirers, 
and my special, aim wilt be to euable you to place yourselves at Fara- 
day's point of view, and to point out tbe scientific value of that cod- 
ceptiou of lines of force which, in his bauds, became the key to tbe 
ficieuce of electricity. 

When we observe one body acting on another at a distance, before 
^e assume that this action is direct and immediate we generally inquire 
whether there is any material connection between the two bodies; and 
If we fiud strings or rods, or mechanism of any kind, capable of acconnt- 
iug for the observed aotion between tbe bodies, we prefer to explain tlie 
action by meaus of these intermediate conuections rather than to admit 
tbe notion of direct aetion at a distance. 

Thus, when we ring a bell by means of a wire, the successive parts of 
the wire are first tightened and then moved till at last tbe bell is rang 
at a distance by a process in which all tbe intermediate particles of the 
wire have taken part one alter the other. We may ring a bell at a dis- 
tance in other ways, as by forcing air-into a long tube, at the other end 
of which is a cylinder with a piston which is made to fly out and strike 
tbe bell. We may also nse a wire; bnt instead of pulling it we may 
oonnect it at one end with a voltaic battery and at the other with an 
electro-magnet, and thus ring the bell by electricity. 

Here are three differeut ways of ringing a bell. They all agree, how- 
ever, iu the circumatance that befeffceu the ringer and tbe bell there is 
au unbroken line of communication, and that at every poilit of this line 
some physical process goes on by which the aotion is transmitted from 
oue end to tbe other. The process of transmission is not instantaueoas 
bnt gradual : so that there is an interval of time after the impulse baa 
been given to one estremity of tbe line of oommonicatJon, during which 
the impulse is on its way, but hasnot reached the other end. 

It is clear, therefore, that in many cases the action between bodies at 
a distance may be accounted for by a series of actions between each 
successive pair of a series of bodies which occupy the intermediate space ; 
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and it IB asked, by the advocates of mediate action, whether, in those 
cases in wbich we cannot perwive the intermediate agency, is it not 
more philosophical to atlmittbe existence of a tuedium which we caiiuot 
at present perceive than to assert that a body can act at a place where 
it Is not T 

To a person ignorant or the properties of air, the transmission of force 
by means of that invisible medium would apiieftr as oaacconntable as 
any other example of action at a distance, and yet in this case we can 
explain the whole process and deternijoe the rate at which the action is 
passed on ftnm one portion to another of the medium. 

Why, then, should we not admit that tbe familiar mode of coibmnni- 
eating motion by pushing and palling with our bands is the type and 
exemplification of all action between bodies, even in cases in which we 
can observe nothing between the bodies which appears to take part in 
the action T 

Here, for Instance, is a kind of attraction with which Professor Guth- 
rie has made us familiar. A disk is set in vibration, and is then brought 
near a light suspended body, which immediately begins to move towdrd 
the disk, as if drawn towant It by an invisible cord. What is this cord T 

Sir W. Thomson has pointed out that in a moving flnid the pressure 
is least where the velocity is greatest. The velocity of the vibratory 
motion of the air is greatest nearest the disk. Hence the prcssnre of 
tbe air on the suspended body is less on the side nearest the disk than 
on tbe opposite side; the body yields tothe greater pressure, and moves 
toward the disk. 

The disk, therefore, does not act where it is not. It sets the air next 
it in motion by poshing it, this motion is communicated to more and 
more distant portions of the air in turn, and thus the pressures on op- 
posite sides of the suspended body are rendered unequal, and it qjoves 
toward the disk in consequence of the excess of pressure. The force is, 
therefore, a force of the old school — a case of via d tergo, a shove ttom 
behind. 

The advocates of the doctrine of action at a distance, however, have 
not been put to silence by such arguments. What right, say they, have 
we to assert that a body cannot act where it is not T Do we not ree an 
instance of action at a distance in the case of a magnet, which acts on 
another magnet not only at a distanee, but with the most complete 
indifference to the nature of the matter which occupies the intervening' 
spacet If tbeaction depends on something occupying the space betweeu 
the two magnets, it cannot surely be a matter of indifl'erence wbetiier 
this space is filled with air or not, or whether wood, glass, or copper be 
placed between tbe magnets. 

Besides this, UTewton's law of gravitation, which every astronomical 
observation only tends to establish more firmly, asserts not only that 
tbe heavenly bodies act on one another across immense intervals of 
space, but that two portions of matter, the one buried a thousand miles 
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deep ID tbe iaterior of the earth, aod tbe otber a tiQiidred tiionsand 
toiles deep iu tbe body of tbe sua, act od one auotber witb precisely tiie 
same force as if tbe strata beueatb wbicb eaeb is buried had been nou- 
esisteut. If any medinm takes part in transmitting tbittaction, it mnst 
surely iniike some difference whetber the space between the bodies con- 
tnios nothing but tbis medium, or whether it is occupied by tbe dense 
matter of tbe earth or of tbe sun. 

But the advocates of direct action at a distauce are not content with 
instances of this kind, in which the phenomena, even at first sight, 
appear to favor their ductriue. They push their operations into the 
enemy's camp, aud maintuin that even when tbe action is appareQtl/ 
the pressure of contiguous portious of matter, tbe contiguity ia only 
apparent — that a space always intervenes between the bodies which act 
on each other, Tbey assert, in short, that so far from action at a 
distance being impossible, it is tbe only kind of action which ever occurs, 
aud that the favorite old via d. tergo of the schools has uo existence iti 
nature, and exists only iu the imagination of schoolmen. 

The best way to prove that when one body pushes another it does not 
touch it is to measure the distance between them. Here are two glass 
lenses, one of which is pressed against the other by means of a weight. 
By means of the electric light we may obtain on the screen an image of 
the place where the one lens presses against the other. A series of 
colored rings is formed on the screen. These rings were first observed 
and first explained by Xewton. The particular color of any ring 
depends on the distance between the surfaces of the pieces of glass. 
Uewfon formed a table of the colors corresjwnding to different dis- 
tances, so that by comparing the color of any ring with Kewton's table 
we may ascertain the distauce between the surfaces of that ring. The 
colors are arranged iu rings b^caase the surfaces are spherical, aud, 
therefore, the intervul between the surfaces depends on the distance 
from the line joining theceuters of the spheres. The central spot of 
the rings indicates the place where the lenses are nearest together, and 
each successive ring corresponds to an increase of about the four thou- 
sandth part of a millimeter in the distance of the surfaces. 

The lenses are now pressed together with a force equal to the weight 
of an ounce; but there i^ still a measurable interval between tbem, 
even at the plHce where tbey are nearest together. They are not iu 
optical contact. To prove this I apply a greater weight. A new color 
appears at the centnil s[K>t, and the diameters of all the rings increase. 
This shows that tlie surfaces are now nearer than at Urst, hat they are 
not yet in optical contact, for, if they were, the central spot would be 
black; 1 therefore increase the weights, so as to press the lenses into 
optical contact. 

But what we call optical contact is not real contact. Optical contact 
indicates only that the distance between the surfaces is much less tbaa 
a wave-length of light. To show that tbe surfaces are not in real oon- 
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tACt, I remove tlie weights. The rings contract, and several of fbem 
vanieb at the center. Kow, it is possible to bring two pieces of glass so 
close together that the; will not tend to separate at all, but adhere 
together so firmly that, when torn asunder, the glass will break, not at 
the surface of contact, but at some other place. The glasses mast then 
be many degrees nearer than when In mere optical contact. 

Thus we have shown that bodies begin to press against each other 
while stilt at a measnrahle distance, and that even wheu pressed 
together with great force they are not in absolute contact, but may he 
broagtat nearer still, and that by many degrees. 

Why, then, say the advocates of direct action, should we continne to 
maintain the doctrine, founded only on the rough experience of a pre- 
scientific age, that matter cannot act where it is not, instead of admit- 
ting that all the facts fVom which onr ancestors conclnded that contact, 
is essential to action were in reality cases of action at a distance, the 
distance being too small to be measured by their imperfect means of 
observation T 

If we are ever to discover the laws of nature, we must do so by 
obtaining the most accurate acquaintance with the focts of nature, and 
not by dressing up in philosophical language the loose opinions of men 
who had no knowledge of the facts which throw most light on these 
laws. And as for those who introduce ethereal or other media, to 
acconnt for these actions, without any direct evidence of the existence 
of such media, or any clear understanding of how the media do their 
work, and who fill alt space three and four times over with ethers of 
different sorts, why the less these men talk abont their philosophical 
scruples abont admitting action at a distance the better. 

If the progress of science were regulated by Newton's first law of 
motion. It would be easy to cultivate opinions in advance of the age. 
We should only have to compare the science of to-day with that of fifty 
years ago ; and by producing, in the geometncal sense, the line of 
progress, we should obtain the science of fifty years hence. 

The progress of science in I^ewton's time consisted in gettiug rid of 
the celestial machinery with which geuerations of astronomers had 
incumbered the heavens, and thus "sweeping cobwebs off the sky." 

Thongh the planets had already got rid of their crystal spheres, they 
were still swimming iu the vortices of Descartes. MHgnets were sur- 
rounded by effluvia, and electrified bodies by atmospheres, the properties 
of which resembled in no respect those of ordinary effluvia and atmos- 
pheres. 

When Newton demonstrated that the force which acts on each of the 
heavenly bodies de[>ends on its relative position with respect to the 
other bodies, the new theory met with violent opposition from the 
advanced philosophers of the day, who described the doctrine of 
gr;«vitation us a return to the exploded method of explaining every- 
thing by occult causes, attractive virtues, and the like. 
17 s 
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liTewton himself, witb that wise moderation which is cbarncterietic of 
all bis speculatioDfi, answered that he made no pretease of explaining 
the mechanisin by which the heavenly bodies act on each other. To 
detenniue the mode in which their mutaal action depends on their 
relative position was a great step in science, and this step Newtoa 
asserted that he had made. To explaiothe process by which this actioD 
is effected was quite a distinct step, and this step ^Newton, ia his Prin- 
cipia, does uot attempt to mabe. 

Bat so far was Newton tcom aaeertiog that bodies really do act on 
one another at a distance, independently of anything Itotween tbem, 
that in a letter to Bentley, which has been quoted by Faraday in this 
place, be says : 

^' It is incoDceivable that inanimate bmte matter shoold, without the 
mediation of something else wbich Is not material, operate upon and 
affect other matter withoat mutaal contact, as it mnst do if gravitation, 
in the sense of Epicurus, be essential and inherent in it. That gravity 
should be innate, inherent, and essential to matter, so that one body 
can act upon another at a distance, through a vacuum, without the 
mediation of anything else, by and through which their actiou aod 
force may be conveyed from one to another, is to me so great an absurd- 
ity that I believe no man who has in philosophical matters a competent 
faculty of thinking can ever fall into it." 

Accordingly, ve find, in his Optical Queries and in his letters tn 
Boyle, that Kewton had very early made the attempt to account for 
gravitation by means of the pressure of a medium, and that the reason 
he did not publish these investigations " proceeded fVom hence (mly, 
that he tbund he was not able, from experiment and observation, to 
give a satisfactory account of this medium, and the manner of its ' 
operation in prodnciog the chief phenomena of nature."* 

The doctrine of direct action at a distance cannot claim for its author 
the discoverer of universal gravitation. It was first asserted by Roger 
Cotes, in bis preface to the Principia, which he edited during ITewton's 
life. According to Ootes, it is by experience that we leam that all 
bodies gravitate. We do not learu in any other way that they are 
extended, movable, or solid. Gravitation, therefore, has as much right 
to be considered an essential property of matter as extension, mobility, 
or impenetrability. 

And when the Newtonian philosophy gained gronnd in Europe, it was 
the opinion of Cotes rather than that of I^ewton that became most 
prevalent, till at last Boscovich propounded his theory, that matter is a 
congeries of mathematical points, each endowed witb the power of 
attracting or repelling the others according to fixedlaws. In bis worid, 
matter is unextended and contact impossible. He did not forget, how- 
ever, to endow bis mathematical points witb inertia. In this some of 
the modern representatives of his school have thought that he " had 
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not qnite got so far as tbe strict modern view of < matter' as being bat 
ati expression for modes or mauifestations of ' force.' "* 
■ Bat if we leave out of account for tbe present the development of tbe 
ideas of science, and confine oar attention to tbe extension of its bound- 
aries, we sball see that it was most essential tbat Newton's method 
Bhoald be esteuded to every branob of science to wbich it was applica- 
ble — that we shoald investigate the forces with wbicb bodies act on each 
other in the first place, before attempting to explain how tbat force is 
transmitted. So men could be better fitted to apply themselves exclu- 
sively to tbe first part of the problem than those who considered tbe 
second part quite unnecessary. 

Accordingly, Cavendish, Coulomb, and Poissou, the foonders of tbe 
exact sciences of electricity and magnetism, paid no regard to those old 
notions of " magnetic effluvia" fuid " electric atmospheres " which had 
been put forth in the previous century, but turned their undivided atten- 
tion to the determination of the law of force according to wbich electri- 
fied and magnetized bodies attract or repel each other. In this way the 
true laws of these actions were discovered. And tbi^ was done by men 
who never doubted that tbe action took place at a distance, withont tbe 
intervention of any medium, and who would have regarded the discovery 
of snch a medium as complicating rather tbau aa explaining the 
nndoubted phenomena of attraction. 

We bave now arrived at tbe great discovery by Oersted of the cod- 
nectioD between electricity and magnetism. Oersted fouud tbat an elec- 
tric carrent acts on a magnetic pole, but that it neither attracts it nor 
repels it, but causes it to move round the current. He expressed this 
by saying that " tbe electric conflict acts in a revolving manner." 

The most obvious deduction from tbis new fact was tbat tbe action of 
the carrent on the magnet is not a paah-aud-pull force, bat a rotatory 
force, and accordingly many minds were set a speculating on vortices 
aud streams of ether whirling ronnd tbe current. 

But Ampere, by a combination of mathematical sbill with experi- 
mental ingenuity, first proved-tfaat two electric currents act on one 
aoother, and then analyzed this action into the resultant of a system of 
posb-and-pull forces between the elementary parts of these curreuts. 

Tbe formula of Ampere, however, is of extreme complexity as com- 
pared with Newton's law of gravitation, and many attempts have been 
made to resolve it into something of greater apparent simplicity. 

I have no wish to lead yon into a discussion of any of these attempts 
to improve a mathematical fbrmnla. Let as turn to tbe independent 
method of iuvestigation employed by Faraday in those researches in 
electricity and magnetism which have made this institution one of the 
moat venerable shrines of science. 

No man ever more conscientiously and systematically labored to im- 
prove all bis powers of mind than did Faraday from the very beginning 

' B«view of Mrs. SomervUle, "Satnrduy Beview/'FebrDary 13, 1B69, Vol,Tii, No^SGL 
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of his scieatiflc career. Bnt whereas the general course of scieatific 
metbod then consisted iu the application of the ideas of mathematics 
aiid astroQoiny to each uew investigation iu turn, Faraday seems to 
have bad no opportunity of acquiring a t«cbuica1 knowledge of mathe- 
matics, and his knowledge of astronomy was mainly derived from books. 

Hence, though he bad a profoand respect for the great discovery of 
ITewton, he regarded tbe attraction of gravitation as a sort of sacred 
mystery, which, as he was not an astronomer, he bad no right to' gainsay 
or to doubt,,_his duty being to believe it in tbe exact form in which it 
was delivered to him, Sncb a dead faith was not likely to lead him to 
explain new phenomena by means of direct attractions. 
- Besides this, the treatises of Foisson and Ampere are of so technical 
a form that to derive any assistance from them tbe student must have 
been thoroughly trained in mathematics, and it is very doubtful if snch 
a training can be begun with advantage in mature years. 

Thus Faraday, with his penetrating intellect, his devotion to science, 
and his opiwrtunities for experiments, was debarred fi^m following the 
conrse of thought which had led to the achievements of the French 
philosophers, and was obliged to explain the phenomena to himself by 
means of a symbolism which be could understand, instead of adopting 
what had hitAierto been the only tongue of the learned. 

This new symbolism consisted of those lines of force extending them- 
selves in every direction from electrified and. magnetic bodies, which 
Faraday in his mind's eye sav as distinctly as the solid bodies from 
which they emanated. 

The idea of lines of force and their exhibition by means of iron filings 
was nothing new. They had been observed repeatedly, and investigated 
mathematically as an interesting curiosity of science. But let us bear 
Faraday himself, as he introduces to his reader the metbod which in bis 
hands became so powerful :• 

"It would be a voluntary and unnecessary abandonment of most 
valuable aid if an experimentalist who chooses to consider magnetic 
power as represented by lines of magnetic force were to deny himself 
the use of iron filiugs. By their employment be may make many con- 
ditions of the power, even in complicated cases, visible to tbe eye at 
once; may trace the raryiug dii'ection of tbe lines of force and determine 
the relative polarity ; -may observe in which direction the power is 
iucreasing or diminishing ; and in complex systems may determine tbe 
neutral points or places where there is neither polarity nor power, even 
when they occur in the midst of powerful magnets. By their use prob- 
able results may be seen at once, and many a valuable suggestion gained 
for future leading experiments." 

Experiment on tines of force. 
In this esperitnent each filing becomes a little magnet. Tbe poles of 
opposite names belonging to diffeiunt filings attract each other and 
'£xi>criaieutal lUseurckea, 3^84. f ~ini >[ ' 
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Stick together, and more filings attach themselves to the exposed poles ; 
that ia, to the ends of the row of filings. In this way the filings, instead 
of forming a confased system of dots over Che paper, draw together, 
filing to filing, till long fibers of filings are formed, which indicate by 
their direction the lines of force in every part of the field. 

The niatbematiciaDS saw in tbia experiment nothing bat a method of 
exhibiting at one view the direction in different places of the resultant 
of two forces, one directed Co each pole of the magnet, a somewhat com- 
plicated result of the simple law of force. 

But Faraday, by a series of steps as remarkable for their geometrical 
deflniteness as for their speculative ingennity, imparted to his concep- 
tion of these lines of force a clearness and precision far in advance of 
that with which the mathematicians could then invest their own formulas. 

In the first place, Faraday's lines of force are not to be considered 
merely as individnals, but as forming a system, drawn in space in a 
definite manner, so that Che number of the lines which pass through an 
area, say of one square inch, indicates ihe intensity of the force acting 
through the area. Thus the lines of force become definite in number. 
The strength of a magnetic pole is measured by the number of lines 
which proceed from it; the elecCro-tooic state of a circuit is measured 
by the number of lines which pass through it. 

In the second place, each individual line has a conCinuous existence in 
space and time. When a piece of steel becomes a magnet, or when an 
electric current begins to flow, the lines of force do not start into exist- 
ence, each In its own place, bnt, as the strength increases, new tines are 
developed within the magnet or current, and gradually grow outward, 
so that the whole system expands from within, like Newton's rings in 
our former experiment. Thus, every line of force preserves its identity 
during the whole course of its existence, though its shape and size may 
be altered to any extent. 

I have no time to describe the methods by which every question relat- 
ing to the forces acting on magnets or on currents, or to the iuduction 
of currents in conducting circuits, may be solved by the consideration 
of Faraday's lines of force. In this place they can never be forgotten. 
By means of this new symbolism, Faraday defined with mathematical 
precision the wbole theory of elecCro-magnetism, in laognage free &om 
mathematical technicalities, andapplicabletothemostcompitcated as well 
as the simplest cases. But Faraday did not stop here. Hewenton from the 
conception of geometrical lines of force to that of physical lines of force. 
He observed that the motion which the magnetic or electric force tends 
to produce is invariably such as to shorten the lines of force, and to 
allow them to spread out laterally from each other. He thos perceived 
in the medium a state of stress, consisting of a tension, like that of a rope, 
in the direction of the lines of force, combined 'i7ith a pressnre in all 
directions at right angles to them. 

This is quite a new couception of action at a distance, reducing it to 
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8 pixenomenon of tbesame kiod as that action at a distance wbich is 
exerted by meauo of the teoHion of ropes and the presRore of rods. 
When the muscles of our bodies are escited by that stimnlus wliich we 
are able in some nnknown way to apply to tbem, the fibers t«nd t« 
shorten themselves and at the same time to expand laterally. A state 
of stress is prodaced in the muscle, and the limb moves. Tbis esplaoa- 
tion of muscular action is by do means complete. It gives no accoont 
of the cause of the excitement of the state of stress, nor does it eren 
investigate those forces of cohesion which enable the muscles to support 
this stress. Nevertheless, the simple fact that it substitntes a kind of 
action which extends continuously along a material substance for one 
of wbich we know only a cause and an effect at a distance Irom each 
other, induces ns to accept it as a real addition to our knowledge of 
animai mechanics. 

For similar reasons we may regard Faraday's conception of a state 
of stress in the electro- magnetic field as a method of explaining action 
at a distance by means of the continuous transmission of force, even 
though we do not know how the state of stress is produced. 

But 000 of Faraday's most pregnant discoveries, that of the magnetic 
rotation of polarized light, enables as to proceed a step farther. Tlie 
phenomenon, when analyzed into its simplest elements, may be described 
thus : Of two circularly-polarized rqys of light, precisely similar in con- 
figoration, but rotating in opposite directions, that ray is propagated 
with the greater velocity whicb rotates iu the same direction as the elec- 
tricity of tho magnetizing current. 

It follows from tbis, as Sir W. Thomson has shown by strict dynamical 
reasoning, that the medium, wbeu under the action of magnetic force, 
must bo in a state of rotation ; that is to say, that small portions of the 
medium, which we may call molecular vortices, are rotating each on its 
own axis, the direction of this axis being tbat of the magnetic force. 

Hore, then, we have an explanation of the tendency of the lines of 
magnetic force to spread out laterally and to shorten themselves. It 
arises from the centrifugal force of the molecular vortices. 

The mode in wbich electro-motive force acts'iu starting and stopping 
the vortices is more abstruse, thongh it is, of course, consistent with 
dy mimical principles. 

We have thus found that there are several different kinds of work to 
be done by the electro- magnetic medium if it exists. We bavealso seen 
that magnetism has an Intimate relation to light, and we know that 
there is a theory of light which snpimses it to consist of the vibrations 
of a medium. Uow is this lumiuiferous medium related to our electro- 
magnetic medium? 

It fortunately happens that electro-magnetic measurements have been 
made, from wbich we cau calcnlate, by dynamical principles, the velocity 
of propagation of small magnetic disturbances iu the supposed electro- 
magnetic medium. 
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This velocity 13 very great, from 175,000 to 200,000 mileB per second, 
accoi-diug to different experimeDts. Now, the velocity of light, accord- 
ing to Foncauit's experiments, is 186,000 miles per second. Id fact, the 
different determinations of either velocity differ from each other more 
than the estimated velocity of light does from the estimated Telocity of 
propagation of small electro-magnetic disturbance. Bat if thelnmioif- 
erous and the electromagnetic media occupy the same place, and trans- 
mit disturtiances with the same velocity, what reason have we to distin- 
guish the one from the other 1 By considering them as the same, we 
avoid at least the reproach of filing space twice over with different 
kinds of etber. 

Besides this, the only kind of electio-magnetic disturbances which 
can be propagated through a non-condncting medium is a disturbance 
transverse to the direction of propagation, agreeing in this respect with 
what we know of that distnrbance which we call light. Hence, for all 
we know, light also may be an electro-magnetic disturbance in a non- 
condncting medium. If we admit this, the electro-magnetic theory of 
light will agree in every respect with the nndolatory theory, and the 
work of Thomas Yonng and Frosnel wilt be established on a firmer 
basis than ever when joined with that of Cavendish and Coulomb by 
the keystone of the combined sciences of light and electricity — Faraday's 
great discovery of the electro-magnetic rotation of light. 

The vast interplanetary and interstellar regions will no longer be 
regarded as waste places in the universe, which the Creator has not 
seen fit to fill with the symbols of the' manifold order of his kingdom, 
We shall find them to be already full of this wonderful medinm ; so full 
that no human power can remove it from the smallest portion of space, 
or produce the slightest flaw in its infinite continuity. It cstenda 
unbroken from star to star ; and when a molecule of hydrogen vibrates 
in the Dog-star, the medium receives the impulses of these vibrations ; 
and after carrying them in its immense bosom for three years, delivers 
them in due course, regular order, and full tale into the spectroscope of 
Mr. Euggins, at Tulse Hill. 

But the medinm has other functions and operations, besides bearing 
light from man to man, and from world to world, and giving evidence 
ol' the absolute unity of the metric system of the universe. Its minute 
parts may have rotary as well as vibrator)' motions, and the ases of rota- 
tion form those lines of magnetic force which extend in unbroken conti- 
Duity into regions which no eye has seen, and which by their action on 
onr magnets are telling us, in language not yet interpreted, what is 
going on in the hidden under-world from minute to miunte and from 
century to century. 

And these lines must not be regarded as mere mathematical abstrac- 
tions. They are the directions in which the medium is exerting a ten- 
sion like that of a rope, or rather like that of onr own muscles. The 
tension of the medium in the direction of the earth's magnetio force is 
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in thia cooDtry one grain n^eigbt on eigliC sqaore feet In some of Dr. 
Jonle's experiments, the niediatn has exerted a tension of 200 pounds 
weiglit per sqnare incb. 

But the medinm, in virtue of tbe very same elasticity by vhicb it is 
able to transmit the undulations of light, is also able to act as a spring. 
When properly wound up, it exerts a tension difi'ejent from tbe mag- 
netic tension, by which it draws oppositely electrified bodies together, 
produces effects through the length of telegraphic wires, and, when ot 
sufficient intensity, leads to the rupture and explosion called lightning. 

These are some of tbe already discovered properties of that which has 
often been called vacuum, or nothing at all. They enable us to resolve 
several kinds of action at a distance into actions between contiguous 
parts of a continuous substance. Whether this resolution is of tbe 
mature of explication or complication, I must leave to the met^bysiciaus. 
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More tban half a century ago the great astronomer Bessel ttndertook 
the formation of a catalogue which ehonld contain the positions and 
magnitudes of as many stars as possible between tbe parallels of i5° 
north declination and 15(3 soath, down to the ninth magnitude; tbna 
including all stars one-flfteenthpart aa bright as the faintest which 
he conld discern with tbe naked eye. This great work he carried to a 
successful conclusion; commencing tbe obserratioos in 1821 nod com- 
pleting them in 1833, and securing more than 72,000 observations of 
G2,3S0 difterent stars. These have since been carefully computed, and 
the resultant catalogues published by the Imperial .Observatory of 
Uussia, at the public expense, affording a priceless aid to astronomers. 
In France an analogous attempt had been made near the close of tbe 
last century, by La Lande, who undertook a scrutiny of all tbe stars 
between the north pole and the southern tropic, and bis 47,000 observa- 
tions have been computed and published at tbe expense of tbe British 
government; but the superiority of modern instruments and metboda 
rendered Bessel's undertaking essentially a new one. 

Later, his pupil and assistant, Argelander, upon whom his mantle 
had fallen, extended his scrutiny by two more series of zone-observa- 
tions — one on the north, reaching from 45° to 80°, the other on the south 
from 16° to 31°, the two jointly containing about 50,000 observations. 
The vicinity to tbe pole upon tbe one aide and to tbe horizon on tbe other, 
presented peculiar difflcnlties, yet the continued improvement of astro- 
Domical instmments and methods, and tbe rare skill of Argelander, 
enabled him to attain both a somewhat higher degree of accuracy and 
a relatively greater number of observations. Thus, in 1852, the 
heavens had been well studied from 80° north of the equator to 31° 
south; and when in that year our lamented countryman, Gilliss, re- 
tnrued from bis expedition to Chile, be brought with bim the manuscript 
results of an extensive series of zones, which be bad observed around 
tbe south pole. Soon afterward, the English astronomer, Carrington, 
explored tbe ten degrees around the north pole; so that for the last 
eighteen years the only region of the heavens which has not been care- 
fully investigated is that which lies between the parallel of 31° sooth 
and tbe northern limit of Gilllss's yet nnpnblisbed observations. To 
fill this hiatus and complete the survey of the heavens on some plaa 
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analogone to tbat of Bessel and Argelaoder was uaturally aa alluiiDg 
problem. 

The Biiigularity and strange beauty of some portions of tbe sonthera 
sky baa from the first attracted the attention of navigators. At tbe 
very begiDniug of tbu sixteenth ceutury the luminous patches ncT 
called tbe " Magellanic clouds," as well aa the "Coal-saQke," those dark 
blots ujiou the brilliiiut milky-way, had been vividly iwrtruyed; and 
even Ameri^ Yeapucci boasted that he bad looked upon the four stars 
vhiuh, according to Daate, had been 

" Ne'er seen before, save by the primal people," 
bat which have been now, for more than three centuries and a hal^ 
reaowiied in song aud story under tbe Dame of the "Southern Cross.' 
Nor need we wouder at the poet's fervor when be adds : 

" SeJoioJDfi in tbe flaraeluto seemed tbe beavea. 
tbou septentrioDBl aod Widowed site. 
Id tbat thou art deprived of seeing these 1" 

The glory of tbe southern sky in the region near tbe Gross is indescri- 
bable. There, where the Milky "Wa.v is crossed by the thick stream of 
bright stars which skirts this river of light, its brilliancy is wondronsly 
increased, aud it exhibits a magnificence une^jnaled in any other portion 
of the heavens. There glitt«r a multitude of bright stars, more thickly 
scattered tbiin in any region within our northern view, while the back- 
ground is gorgeous in its splendor. Often, on some clear night, when 
this region has suddenly been brought to my view in pasaing some 
edifice, or turning some street-corner, I have stood amazed at the flood 
of light which it difl'used ; aud often, too, when leaving tbe observatory 
in the early mnrning-honrs after a night of wearjing labor, I have felt 
reluctant to abandon tbe magnificent Bpectacle, for the sake of much- 
needed repose. In close proximity are tbe rich constellations of tbe 
Centanr, the Keel and Bails of the ship Argo, and the Wolf; and the 
glory reaches throagh the Altiir eveu to the sonthern portion of tbe 
Scorpion. There extend large tracts which rival the Pleiades in the 
profusion of their stars, gleaming upou a background of nebula. Else- 
where the southern heavens are not ao brilliant as tbe uortbem, nor do 
they contain ao many stars as bright as the faintest which we can dis- 
cern ; but there is nothing between the two poles comparable in beaaty 
with the tract to which I refer. 

Yet the earliest accurate observations of southern stars were those 
of Hallcy, atterwards Astronomer Eoyal of England, who visited SU 
Helena for the purpose between the years ItiTC aud 1678, under the pat- 
ronage of King Charles II and the East India Company, and there 
determined the positions of 341 stars. Seventy-five years later, in 1751, 
tbe French astronomer Lacaille undertook a similar espeUitioa to 
the Cape of Good Ho[ie, then a Dutch colony, at the expense of the 
French government, and with the official support of the French 
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Academy of Sniences, the Statea-General of Holland, and tfae Prince 
of Orange. With but one assistant, and only employing a tittle tele- 
scope half an inch in aperture and tweoty -eight inclies in focal length, 
strapped to the tobe of a mural qaadraot, he succeeded in determin- 
ing the positiona of 9,766 stars, between the tropic and the pole, in 
the short period of less than eleven months ; but his observations were 
not published until eleven years later, and then in so crude a form thiit 
they were with difficulty available until about a quarter-century ago, 
whea they were con)pat«d and published, like those of La Lande, at the 
expense of the British government. These have till now been a prin- 
cipal reliance of astronomers for their knowledge of the southern 
heavens, I may not dilate on what has been done elsewhere; at Pam- 
matta, where tbe observations, though laboriously made, have rendered 
comparatively little service to science ; at Madras, 13° north of the 
equator, where Taylor made excellent observations of some 6,000 southern 
stars; at the Capeof (lood Hope, where observations of great precision 
and value have been made by various eminent men, and where Sir John 
Herscbel devoted seven years to forming a catalogue of nebulas and 
double stars; at Saint Helena, where Johnson, one of tbe most sktUt'nl 
and delicate observers of our times, fixed tbe position of G06 southern 
stars ; or of the observatory established at Melbourne twenty years ago, 
from which have emanated observations of the highest quality, and 
where the director, Mr. Ellery, has commenced a grand study of the 
southern hearens, upon a different plan from mine in Cordoba, and for 
a different purpose. To Gilliss's labors in Chile I have already alluded, 
and at the observatory of Stuitiago, in that republic, the places of a 
considerable number of stars have been determined by him and hia ' 
BDCcessors. 

Such, my friends, were tbe circumstances as tbey presented them- 
selves a few years ago. ArgelandeHs explorations reached only toSI'^ 
south, which is but S° above his horizon, and where his observatious 
were not only difficult, but subject to serious embarrassments from the 
excessive influence of refraclion. Beyond this, no systematic series, 
aiming at both accuracy in the positions and tolerable completeness, 
had been attempted since Lacaille's, with poor instrumentB, a centnry 
and a quarter ago, unless we except Gilliss's unpnblisbed observations 
aronnd the south pole, which future astronomers may or may not see.' 
The only other observations available were the scattered ones already 
mentioned, in which the aim had been not to fix the places of many 
stars, so much as by repeated observations of some principal ones to 
obtain for these the highest accuracy. In all, I scarcely think tbey 
included more than about 12,000 different stars. 

Information from various sources having led mo to believe that the 
climate of Cordoba, midway between the Atlantic and Pacific, and 
exempt alike from tbe frequent tornadoes of the one coast and tbe 
earthquakes of the other, was especially favorable for astronomical 
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lesearcb, I addressed a letter, in October, 1865, to Mr. Sarmiento, tbeo 
Argentine minister ia this coanlry, tetling bim of my desire to make 
an astronomical expedition thitber, and of my hopes of being able to 
secure the necessar; pecuniary means from lovers of science. In this 
lett«r I asked him wbef.hcr such an expedition would be cordially 
received by the natJonal govemmeDt and by the people of Cerdoba ; 
whether protection would be afforded in case of oeed; and whether I 
could reasonably hope that on my own departure the establishment 
would be adopted by the government and continued as a national insti- 
tution. His reply was most cordial, answering all my questions favor- 
ably, and promising even more than I bad ventured to ask; and in due 
time a full official indorsement was received from the Argeutiiie govern- 
ment, and Doctor Costa, Minister of Pubbc Instruction, in a note dated 
January, IStffi, expressed his regret that the heavy sacrifices wbicb 
the nation was making, in its mortal struggle with the tyrant Lopez of 
Paraguay, deprived him of the power of offering yet more effective 
support to the undertaking. My plan failed at that time, owing to my 
want of success in obtaining the necessary pecuniary means, yet Mr. 
Sarmientu's interest in it never flagged; nor did he, when nominated 
for President eighteen months Iat«r, forget the astronomical project 
amid official cares, educational labors, or political excitement. One of 
bisearliestactsafterassuming the presidency inlSGS was to recommend 
a national observatory. This was voted by the Argentine congress at 
its first subsequent session ; and in the latter half of 1869 I received ft^m 
Doctor Aveltaneda, then Minister of Public lustmction, an invitation 
to organize a permanent national observatory and provide the needful 
instruments aud buildings ; and money-credita were furuiehed for doing 
this in an adequate, though unpretending, way. I took the necessary 
st«p8 as speedily as possible, and a happy combination of circumstances 
aided the prompt acquisition of instruments, which would else have 
required a long time for their construction. Happily, as it proved, 
although it had cost me some regrets in the interval, I had more than 
three years previously ordered, npon my own responsibility, from the 
celebrat«d artist Bepsold, of Hamburg, a meridiau-circle of dimensions 
and character especially adapted to the proposed work; and this had 
been completed but a few months when the opportunity for its employ- 
ment arrived. 

The ready assistance aud encouragement which the undertaking 
received from every side, as soon as it became pnblicly known, will 
always afford me delightful remembrances. K'otouly in its private and 
personal, but also in itssctentific relations — not only by words that meant 
something, but, likewise, by the most practical actions — aid came to it 
from all directions. The Superintendent of the Coast Survey hastened 
to offer the loan of such portable instruments as might be serviceable ; 
an offer which I accepted as freely a3 it was made. The secretary of the 
Smithsonian Institution did the same; and both these institutions, as well 
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as tbe Naval Observatorsr and tlie Kantical Almanac office, contributed 
full series of all tbeir publications. By some grievous miscbaiice tbe 
boxes containiog tbeae iovaluable books oever reacbed their deetiuation, 
but tbe loss baa beeu repaired to a cousiderable extent by new gifts. 
Tbe Americau Academy of tbis city leut mou^, from its Humf«nl fund, 
to purchase apparatus for studying the light of the stars, aud gave me 
permission to retum either the instruments or tbe money, and at the 
most convenient time. Four of tbe scientific societies of England, the 
observatories of Greenwich, Pnlkowa, aud Leipzig, astronomers in Eng- 
land, France, Germany, Russia, aud Italy, seat such generous giftfi of 
valuable books, maps, charts, &c., that the faintest heart could not bave 
faUed to gather courage. Kot to mention my own countrymen aud all 
1 owe them, Professors Brnhne and Ztillner in Leipzig undertook to 
superinteud tbe construction of instruments for tbe uew institution; 
and, during the whole period of my absence, tbe former has attended to 
all the appiiratns and books which I desired from Germany. So, too. 
Professor Auwers in Berlin took charge of extensive computations which 
I needed to have made in some place where professional computers could 
be found. And, from the beginning of my labors to the present time, I 
have been encouraged and aided by the sympathy aud counsel of my 
revered friend, Professor Argelander. 

The means available for procuring tbe necessary assistance were in- 
safficient to permit tbe engagement of trained astronomers, and it was 
an especial disap^iointment that I was unable to secure the companion- 
ship of any of my own former pupils or assistauts, whose aid in snch an 
enterprise would have been doubly valuable. But I did secure tbe aid 
of four very capable and well-educated young men, recently graduated, 
three from Pennsylvauia and one from New England. These gentlemen 
sailed for Buenos Ayres direct, while I went by way of Europe, and we 
reached our destinations at abont the same tJme. 

It was the 25tb August, 1870, when I arrived in Buenos Ayres with 
my family, and from that day until that on which I left the same pleas- 
ant capital just two months ago, our history is a record of private kind- 
ness and public generosity. 

Tbence we ascended the La Plata, threading an exquisite maze of 
beautiful and closely crowded islands, decked with the dark-green foliage 
and glowing fruit of tbe orange ; throngh narrow channels guarded by 
luxuriant willows, whose trailing branches swept our decks ; amid jungles 
sheltering unnumbered alligators and countless tigers ; and then, enter- 
ing the vast delta of the Parana, moved up that stately river for about 
twenty hours ; now descrying on its western bank tbe buihltngs of some 
large pastoral estate, and now touching at some one of the embryo cities 
which are, at no distant day, to become flourishing sea-ports aud centers 
of an active commerce. 

In the thriving town of Kosario, 2u0 miles above Buenos Ayres, we 
found a hospitable, welcome at tbe house of our distingutabed coontry- 
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man, Mr, Wheelwright, whose energy and enterprise had given to South 
America her first steamboat, first railroad, first telegraph, first water- 
works, and first Kas-illnmiDation : and on the day following we traversed 
the pampa westward for yet another 260 miles, over the railway which 
he had just completed, and wliicb had been inaagnrated a few weeks 
before. For the second time within two years, we raced with the ante- 
lopes, and saw the prairie dogs and owls amicably seated at the threshold 
of their common dwelling. Ostriches were ruuning at speed across the 
bonndlessand level expanse; herds with thousands of cattle, and flocks 
with tens of thousands of sheep, roamed at will, ignorant of all restraint. 
The sparse settlements could be seen for a dozen or more miles away, 
their whitewashed walls and their few trees arresting the attention od 
the horizon of this terrestrial ocean, jost as a distant sail fixes the gaze 
of a seaman. At intervals the ground was scarlet or white or porple 
with great patches of verbena or portulacca; the taller sbmbs served 
as trellises for the passion-flower or the white bignonia ; and many of 
our most favorite exotics stndded the prairie with brilliant colors. 

Sixteen hours brought us to the western limit of the pampa, and to 
tbe city of Cordoba, the goal of 10,000 miles of journeying, where still 
another cordial welcome awaited us. Here the provincial, or as we caU 
it tbe state, government empowered me to select for the observatory 
whatever site might appear to me most desirable, and I chose one upon 
the high pampa level, at the brink of the precipitous declivity bordering 
the valley iu which the city lies, 120 feet below. The floor of the obser- 
vatory is on a level with the crosses upon the high church-towers, 
three-quarters of a mile away. 

Such portions of the building as could be constructed of wood or 
metal bad been made at home, and forwarded by vessel, and it was my 
expectation that all the work of construction would be completed in 
three months, so that the observations could begin early in IS71. Bnt 
the Cordobese workmen bad enjoyed no Yankee apprenticeship, and it 
was not until July that the first dome was completed. We celebrated 
the Fourth by mounting the equatorial — an instmment of American 
construction, the joint work of the optician Fitz and of our neighbor 
Alvan Clark. Meantime the instruments and books from Surope had 
BufTered unprecedented delays. Some were on a French ship, and some 
on German vessels, and all were blockaded for many months by the 
war, which bad been declared a day or two before we sailed from Liver- 
pool, and tbe first tidings of which were received after our arrival in 
Cordoba. The war over, the ship with the meridian circle was frozen 
up for tbe winter in the Elbe. When at last it reached Buenos Ayres, 
the port was practically closed and the city laid waste by tbe yellow 
fever, and many more months elapsed before the quarantine was re- 
moved which closed the interior against tbe capital in conformity with 
the yet prevalent traditionary pr^ndices inherited &om Spain, and 
ichich are so interwoven with all tbe popular ideas t^at more than one 
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generation will probably pass before they disappear. Thas seasoD after 
BeasoD passed away, and it was not till May, 1872, tbut the meridian* 
circle was mounted ready for use, Dor until the 9th of September, 1872, 
that the re^Iar obserrations were commenced for the celestial survey 
which I had planned seven years before. 

Bat this long delay proved in the end not to hare been a misfortune, 
irksome as it was. Within the flrst month it became evident that the 
CODStructioD of the building would demand a disproportionate amount 
of time and attention, and that although the large telescope might be 
employed to some extent, a long time musb elapse before the work with 
the meridian-circle could begin. Although I little dreameil bow great 
voald be the delay, I determined to use this opportunity for the eou> 
struction of a uraoometry, or catalogue of all the visible stars of the 
wuthern sky, with an exact determinatioD of the brilliaucy of each. 
The labor of these first eighteen months waa certainly as assiduous and 
fruitful, a'nd I believe it was as serviceable to science,* as the later work. 
Thirty years before, Argelander bad made such a nrunometry, giving 
toe brightness of each star to the nearest third of a unit of magnitnde. 
In Albany, in ISiiS, we had done the same work, for a portion of the 
heavens, to tenths of a magnitnde, while awaiting the moouting of the 
iuatrumeots. These observations, although stereotyped at the time, 
have never been pnblisbed ; but they bad given me a good deal trf expe* 
rieace, which now became very osefnl. 

Thus the seientifle labors of the first year went to the construction of 
star-lists and charts of the visible heavens, as they appeared on the 
dearest nights to the sharpest unassisted eyes, the magnitudes being 
estimated to tenths of a unit. No instruments were used other than 
common opera glasses; but the purity of the air at Cordoba, and an ele- 
vation of about 1,300 feet above the sealevel, give a remarkable trans- 
parency to the atmosphere on favorable nights. My own near-sighted- 
ness prednded me from taking part in the actual observations, bat I 
foaad more than enough to do in identifying those stars whose places had 
been determined by previous astronomers, in providing for our own 
fatare observation of those not to be found in the catalogues, in main- 
taining a uniform system of estimates by the four observers, and in the 
general management of the work. Every test in my power was brought 
to bear upon the accuracy of the work as it progressed, and each scrutiny 
served to confirm my confidence in the carefulness of all engaged in 
tlie observations. After the completion of this undertaking, the results 
Trere subjected to careful revision by repeating the whole process in a 
somewhat different form, assigning to each of the observers a region 
which in the first scrutiny had been given to some other one. The defi- 
nite results are now avaUable for publication, and the Argentine govem- 
meot has authorized me to make the necessary arrangements. The 
published work will consist of an atlas of the heavens, from lO'^ north 
of the equator to the south pole, showing every star to the seventh mag- 
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nitade ioclusive, and do others, aud accompanied by tbe correspoDdiog 
catalogues. Aa a matter of simple justice and propriety, I have given 
it the name of Uranometria Argentina. The magnitade of each star 
has bi^eD determined on the average by more than four observations, 
and by as mauy as three different observers. At present, Mr. Thome, 
whom 1 have left in charge of the observatory, and who is the only one 
of the original corpa now remaining in Cordoba, is engaged in a last 
systematic scrutiny of the flniahed work, to insure that no star is either 
omitted or wrongly placed. Much more thau a quarter part of the 
adtaal observation has been done by him ; and from bis constant and 
assiduous devotiou to the undertaking for nearly four years. I am sure 
that he now possesses a greater personal familiarity witb tbe southern 
sky than any man ever attained before. Nor does this comparison in 
tbe leaj»t diujiuisb the honor due to bia late colleagues, to whom a laige 
portion of tbe excellence of tbe work must justly be attribnted. Of 
another assistant, not on the observatory's books, but withftut whose 
nntiring and devoted aid niy work could scarcely have been accom- 
plished, I may not speak. 

Less than two years ago there wao published by Professor Heis a 
new nranometry of the northern sky, precisely on the same plan as 
Argelander's, of which it is, in fact, an enlargement, with the addition 
of fainter stars seen with bia nnaasisted eye, which is of exceptional 
strength. My plan was somewhat different, and we availed ourselves 
of opera- glasses to obtain more accurate estimates; and after I found 
the stars of tbe seventh magnitude as (Jistinctly visible at Cordoba to 
eyes of average power, I fixed this magnitude as the limit for the nran- 
ometry, a large number of fainter stars being excluded, although their 
magnitudes have been well determined. If we only consider stars as 
bright as tbe sixth magnitude, Heis found 3,139 of these in the aorthem 
half of the sky, while we have only three-quarters as many in the southern 
half Yet while he has in all 4,909 northern stars, we have 7,670 soutbera 
ones, so great is the difference between the transparency of the sky at Cor- 
doba and at Miinster. The number of stars in the whole sky visible to the 
naked eye has usually been estimated at about 5,600. Heis estimates 
that there are about 6,S00 of a brightness not inferior to tbe faintest 
which he oin see. But I now find that if the sky was as transparent 
as that at Cordoba on a good night; even an average eye would probably 
discern not much less than lb,000 in the fall circuit of the heavens. 
The ITraiiometria Argentina contains S,522 stars, of which 7,670 are 
situated iu the southern heavens, and 852, or just one-tenth of the 
whole, are witbin the first ten degrees of north declination. 

In connection with the nranometry, an opportunity presented itself 
to introduce, or rather to suggest to astronomers for their acceptance, a 
greatly-needed reform in the arrangement and boundaries of tbe sooth- 
em constellations, which have from tbe beginuing been in a state of 
Boch confusion as to call forth continual complaints from those who 
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have had to deal with them, and which are depicted alike in do two 
different maps or glo)>ea within my knowledge. I have now re-uirange^ 
the whole Bystem in such a manner that the boaodanes of the constella- 
lioos shall be formed, so far as possible, by meridians and parallels of 
declination, and have foand it practicable to arrange this with almost 
insignificant disturbance of the nomenclature of the principal stars. 
To this portion of the labor, also, I attach considerable value. 

The meridian circle {tossesses essentially the same optical power as 
the instrnments employed by Bessel and Argelunder, the object-glass 
having an ai>ert'Ure of 4^ Paris inches. But methods of observation 
have made considerable advance in twenty years, and this new instrument 
is supplied with varons conveniences which the others did not poBseus. 
The principal difference of method, however, is in the employment of 
the chronograpbic method of observing transits, the instants of these 
being registered by telegraphic sigoals apon a cylinder revolving at 
a uniform rate. The fundamental plan of all the zone observation^) of 
which 1 have spoken consiste in restricting the vertical motion of the 
telescope to narrow limits previously assigned, and then determining 
the moment of transit and the declination of every star that traverses 
the field wilhiu these limits, wfaicb of coarse regulate the width of ii 
Btri|i or " zone" of the heavens, whose length is determined by the du- 
ration of the process. It is manifest that the width of the zone can be so 
chosen that only a small portion of> the stars of sufficient maguitude 
can escape detection. Thus, beginning each zone where tbe adjacent 
one ends, the whole region in question is gradually explored. 

The most essential point in wbich the plan of my undertaking differed 
from that of previous observers, is, thiit it was my aim to make the 
determinations absolute, instead of relative. The principle adopted more 
or less completely in former series has been, in fact, to observe an entire 
zone in such a way as to determine tbe differences of the several stars 
among themselves, and then, identifying those whose positions may be 
found in catalogues already existing, to calculat« the places of the new 
stars from those of the others. Such had been my own origiual plan ; 
bnt 1 soon became convinced that a sufficient number of star-places of 
the needful precision was not accessible, and that it was desirable to 
keep the work independent of any previous catalogue, aiming at what 
is called an absolute determination of the stars observed — that is to say, 
an entire independence of the work of all other astronomers, outside 
of the data in the astronomical almanacs. This implied a great 
increase of labor, since it would demand nearly an hour of addi- 
tional observations, before and after every zone, for the sole purpose of 
ascertaining the needful correetions to the indications of tlie instrument 
and the clock, which vary appreciably from hour to hour. It likewise 
entailed much additional labor iu the computations; and it became 
necessary to prepare for our use in Cordoba the daily places of funda- 
mental polar stars, which uortbem observers find calculated to their 
n 8 
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bandn in tbe "Nautical Almanac." Still, it was manit^tl; desirable, 
and thus the wor!t was arranged. Whenever possible, we observed, 
each nigbt, three zonea with their belongings, which consumed about 
eigbt hours — often more. The zones averajited about a hundred minutes 
in lengtli : more than this strained ej'e and nerves too much. 

It is an exhanxtiug process to lie for this length of time with the eye 
glued to the telescope— one hand signaling the instants of each star's 
transit over a group of delicate threads, and the other pointing the tele- 
scope by means of a long screw handle, estimating, at the eamv time, 
the magnitude, and calling out the data to be recorded — the odgmeut 
being meanwhile kept in active exercise for deciding uiton the best 
order in which to observe the various stars wbieh are within view «t 
once, and tbe telescope kept in motion over the whole width of the zone, 
(which is many times wider than the field of view,) in order that as 
few stars as possible shall pass unobserved. In many zones we tbns 
observed more than 260 stars ; in one there were 285, an average of one 
star to every twenty-one seconds. Sor is the labor much less for the 
assistant at the microscope. He must be on the alert to measure and 
record the reading of the graduated circle as soon as tbe telescope is 
pointed; must record the magnitude and groups for each star, as well 
as the approximate moment from tbe clock-face, to prevent danger of 
confusion when his record comes, to be combined with that upon the 
chronograph. And, what is more, he must watch the various pieces of 
apparatus to see that notbing goes amiss, for chronographs will mu 
down, pen-points will clog and cease to mark, and telegraphic coddcg- 
tions will sometimes give out; and when they do, it is always at some crit- 
ical moment. Tbe quickness and dexterity which the assistants acquired 
was a source of astoni-shment and delight to me ; and, should our resnits 
prove to be what I hope and believe they will, there is do one of the 
five gentlemen who have at difl'ereiit times taken part in this labor, 
who may not feel a just pride, not only in the conscientious fidelity with 
which he performed his part, but also in the skill which bo attained in 
most difficult operations. 

A foil night's work consisted of three zones, with four series of obser- 
vations for instrumental corrections. All the zones, and the last series 
of determining stars, 1 observed myself; and, until the last few months, 
tbe first series also. Between the zones I gave rest t« my eyes. Tbe 
remainder of tbe work was distributed, as well as might be, among 
three assistants, in snch a way that each should lie able to rest bis eves 
for abont an hour and a half on the nights of greatest labor, and also 
have each third night free. But there was a period of six or eight 
weeks when our force was temporarily reduced, so that the aid of 
Messrs. Thome and Bachmann was needed every night. I need not 
add that just at this time we had a spell of exceptionally clear weather, 
with only two cloudy nights in a whole month. But there was not the 
shadow of a complaint, nor was labor ever more cheerfully or cordially 
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performed than this, vbich I should bardly have been justified in ask- 
ing, but was contrihnteil with the readiest good will. 

Tbe climate of Cordoba did not correspond with my expectations- 
Knowing that it was rainless during halt' the year, and remembering 
the astonishing continuance of favorable weatbcr which Gilliss had 
enjoyed in Santiago, I had counted upon an abundance of unclouded ' 
sky. But to my sorrow it soon became evident that absence of rain by 
no means implies absence of clouds; and judging from my memory, I 
sbould not estimate the nnmbef of good nights in Cordoba as much 
greater tbau in Boston ; although, to be sure, we should tbcre scarcely 
be favored with our present experience of a four days' northeaster at 
midsummer. The sky has provoking tricks of suddenly clouding over 
just at nightfall, after a magnificent day, or covering itself in a few 
minutes with a thick veil of mist without previous warniog. Thus the 
rapidity with which the survey progressed has been by no means pro- 
portional to tbe labor expended. Still the conclusiou of tbe first year 
of tbe observations in September last showed the gratifying number of 
429 zones, contaiuing more than 56,000 observations, and, so far as I 
could judge, about two-thirds of tbe region to be explored were dis- 
posed of. And it was manifest that, with no better fortune in the 
weather than in tbe year past, all the remaining work could be accom- 
plished, and all the unsatisfactory zones repeated in less than a year 
more. I havenotmentioned that tbe width of the region to beexploretl 
bad been increased by one-half from my original plan. Instead of 
taking 29° as the northern limit, and thus lapping 2° upon Argelander's 
work, 1 had, at the earnest instance of Argelander himself, commenced 
at 23°, thus overlapping his zones by 8=, and beginning at a point 10° 
above the horizon of Bonn; and instead of going only to Gilliss's 
northern limit at the southern polar circle, the Cordoba zones extend to 
within Iflo of the pole it.'^elf, thus covering a belt 57° wide, or about 
one-third of tbe whole heavens as measured from pole to pole. On tbe 
13th of April, when my last observation was ma^Ie, the number of zones 
observed had reached 619, and the number of star-places was nearly 
83,000. These were, furthermore, in tbe full tide of prejiaration for the 
press, five persons being engaged in transcribing and prepsiring tbem 
for computation. 

Although tbe object of labor is not to conquer difficulties — this part 
of the process being only a means and not an end, and tbe only proper 
motive being to secure results — it is pardonable to look back upon the 
obstacles and impediments, and I can truly say that these have been 
neither few nor &mall, nor indeed conquerable, except with the aid of 
such faithful and able co-workers as I have been favored with. I will 
not weary yon with the tale of all the mishaps, large and small — instru- 
ments disturbed, apparatus giving out, tornadoes, dust-storms and the 
like; of insects in one's nose and eyes and mouth, when the hands 
could not be used to fight them nor the head moved from the telescope 
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— bat tbere is one iababitant of the pampas whose memory caii Dever 
fade. This is the mnchuca, an elder brother of that nnnameable insect 
whom Birdofredum Sanin foand runniug away with his colonel in Mex- 
ico; but itisadozeo times longer and broader aod thicker, and far 
more savage. And it has wings. By night this insect comes flying in 
from all the open conntry round, and it seems to have a special predi- 
lection for astronomers. Bot for them the observation of the summer 
zones would have been easier. 

The plaa of tbe zooes was baaed, as I have said, upon the funda- 
mental idea that the determinations should be absolute in their character ; 
still it is by no means certain that one observes under the high nervous 
tension inseparable from such work in the same manner in which he 
would make a leisurely measurement of the position of an isolated star. 
It has, therefore, seemed desirable that the posiiions of not less than 
SIX or seven stars in each zone should be determined with all possible 
accuracy, and by means of repeated observations. With this view [ 
prepareil a list of a few thousand stars, whose places were t« be meas- 
ured on not less than four nights, as opportunity should offer; and 
the intervals between the transits of the fundamental stars, as well 
those nights or parts of nights on which flying clouds or mists preclude 
the zone work, although the heavens are partially clear, have beeu 
devoted to this class of observations. Already a very considerable 
amouut of material of this sort has been collected and computed, aud 
this work is now going on in my absence. 

Among niy most cherished hopes, when leaving home, was that of 
supplemeutiug in the southern hemisphere the remarkable and import- 
ant results obtained here by our gifted countryman, Mr. Butherfurd, 
whose ingenious methods and surpassing skill had enabled him, and 
him alone, to obtain photographic impressions of star-clusters with a 
shari»ne8s permitting delicate measurements, as well as to execute these 
measurements with such an accuracy as to yield resnlts rivaling, ifi 
indeed, not surpassing, those afforded by direct observation with the 
most elaborate and costly instruments, and with a hundredfold greater 
expenditure of time. It bad been my privilege to subject these measure- 
meu'rs for the first time to those numerical computations by which the 
stellar positions are reduced to the corresponding astronomical form of 
right-ascensions and declinations, and thus, through tbe kindness of the 
valued friend to whom both the new method and its sole results were 
due, to connect my name in a slight degree with this great step, by 
determining the relative positions of the principal stars in the Pleiades 
and the Prsesepe from his measures of the photographic plates. 

Just before my departure, Mr. Kutherfnrd bad supplied himself with 
a yet larger telescope, adapted to the same purpose, and I improved this 
fortunate opportunity of securing the identical photographic object glass 
vbich he hud employed in all his previous investigations. And when I 
left home it was not without some ground for hoping that a sufficient 
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SDDi would soon be contributed from private sources to enable me to 
carry ont the plan of Becnring photographic impressions of the chit-f 
southern star-clusters without appealing to the Observatory or to nuy 
other iostitutiou. The telescope is adapted for either photographic or 
optical use, since the two object-glasses are easily interchangeable, and a 
camera can readily be substituted for the astronomical eye-piece. Im- 
mediately on arriving in Baeuos Ayres 1 explained these plans to the 
President and Minister, and received their cordial promise of all newlful 
aid — promises which, like all others from the same source, were more 
than fulfilled. Inasmuch as the direct observations proposed would 
clearly demand all my available time aud strength, I naturally desired 
t4^ secure the photographic impressions from my pri^'ate resources; not 
only because all of the observatory's funds would be required for the 
regular work, but also that I might be Justified in reserving the photo- 
graphs for measurement and study at my subseqneDt leienre, and might 
remove them from the country witboat impropriety, should I desire. 
Consequently, I addressed to the government a formal application for 
leave to use the large telescope for this purpose, at such times as might 
not interfere with the regular work of the observatory, and this per- 
mtssioQ was at once aecoided with great cordiality, and a full under- 
standing of the case. 

The endeavor to secure the requisite funds by private subscription 
met with the same fate as the similar one in 1865, in behalf of the expe- 
dition then proposed. Promises were secured for a portion of the 
necessary means, but the difficulty of obtaining the full sum was found 
too serious to warrant a continuance of the eftorls, and the plan was 
therefore abandooe<]. But this disappointment was alleviated by an 
unexpected aud delightful encouragement. My parents, by blood and 
marriage, gave a practical snpport and token of sympathy by author- 
izing me to draw on them for tlie means of carrying out my fondly 
cherished plan. And although I was fortunately able to go forwanl 
without availing myself of this generous permission, it was of essential 
service in the justification it afforded me in nudertakiug this work, u|>on 
which I might not otherwise have ventured. 

That this undertaking has thus far been less successful than the re.tt 
of tbo work, many of you know : and I will not dwell upon the various 
tronbles, mortifications, aud disappointments which have attended niy 
Btruggles in this direction. A photographer was engaged in New 
York by the friendly eftbrts of Mr. Kutherfurd. who caused him to be 
instructed in his observatory, aud sent him out to me, with all the need- 
ful apparatus and chemicals. But when, after his arrival in Cordoba, I 
nnpacked the photographic object-glass, the fiiut lenswa^ found broken 
in two, and all efforts to restore it to full usefulness proved fruitless. 
Nevertheless, a contrivance was carried into eflect by a skillful Svt itis 
watchmaker in Cordoba, by means of which each of the broken pieces 
wassupportedby three pairs of adjusting screws, thus permitting it to be 
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broti^lit into position with sufficient nicety to vietd results which, if not 
perfect, will be at least very serviceable. Meanwhile, I resolved to 
avail ui,\i»elf of the opportuuities at n),v disposal for procuring a aew 
object g1)i»s like the former, and eeut the order to Mr. Pitz. But here, 
too, tlie Argentine goverumeut was ready with its support, and not only 
volunteered to assume the cost of the new lens, but expressed its desire 
to provide the services of the photographer. This ne.w lens arrived in 
Cordoba many months ago, aud although the person originally engaged 
aecomplished but little, aud proved in the end unworthy, my plan 
is by no means abandoned. The experience aud knowledge already 
acquired cannot fail to rentier es»eutial service in the new attempt, and 
the results of the Uranometry and the Zone-observations have enabled 
uie to complete aud correct the list of southern clusters well adapted 
for photographic determination. Meanwhile, the stellar photographs 
already seeurt'd, although by no means what I had ho{>ed, aud very 
disproportionate in number to the expense and sacrifices which they 
entailed, certainly possess a high scieu title value. Repeated observations 
of the principal stars of each group have been made with the meridiau- 
circle, for the pnrposes of fixing the scale of measurement, and of controll- 
iug the reductions ; aud I entertain the couiidetit hope that the relative 
jiositiuns of more than a dozen imimrtaut southeru clusters have thus 
b<>eu secured in a form which is both very accurate, and as valuable for 
future generations as for the present. 

I have spoken of the liberality of the Argentine government. In 
both its executive and legislative departments there are contiuual illus- 
trations of the strong desire of the cultivated men of the nation to foster 
Ihe intellectual development and the scientitic reputation of the country 
by ever^** means in their power. I have mentioned the readiness of the 
government to aid an astronomical expedition at the veiy time when all 
the nation's energies and resources were taxed to the utmost by the 
stniggle with the Paraguayan despot, Lopez, oneof the most sanguluary 
ami ruthless tyrants in all history. At the time of my arrival in Bueuos 
Ayres this monster had been overthrown by the allied forces of Brazil 
and La Plata, but internal rebellion, probably in part a consequence of 
that struggle, still remained, and pressed heavily upon the almost ex- 
hausted nation. Still there was not only ready support for the observa- 
lory, but additional provision was made fur its maintenance. Thus it 
lias be4>n from the beginuiug to the present time, and the fact of such 
readiness iu a young nation to bear its part in scieutiflc investigation 
speaks tor itself. Another illustration is afforded by the recently estab- 
lished meteorological office. 

The climatic relations of the vast territory of the Argentine nation 
were a sealed book. Throughout the immense tract from the tropics to 
the Straits of Magellan, and from the Atlantic to the Andes, the mete- 
orological characteristics of the country were almost unknown. Only 
two or three small series of partial observations had ever been pabtished, 
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and these were not easily accessible. And although my powers were 
already taxed to their utmost by tbe astronomical work, it seemed to 
me that it would be disloyal alike to science and to tbe country to which 
I owe so much gratitude and affection, did I not make some effort to 
remedy this defect. In public comuanicatious and private conlerences 
1 vidled the attention of the government to the need of such a national 
meteorological office, and offered snch aid as I could give. The mete- 
orological office was thereiii>»n established without o])poBitioD ; funds 
beiug voted for the salary of a secretary, and for the purchase of instru- 
ments, to be distributed to such competent persons as might be willing 
to undertake systematic observations. This is the second year, and 
means have now been provided for computing and pubttshin;; the ohser- 
vittioiis received, and for purchasing yet more instruments. There seem 
to be )>ersous enough who are able and willing to undertake the neces- 
sary labor, troublesome as it is, and with no other stimulus than their 
desire to serve science and their country. In three cases I have found 
gentlemen who have carried on observations of the sort during past 
years, unaided and unenconraged. These have conlially offered all their 
data, gratified at seeing their labors appreciated at last, and their results 
put in tbe way of rendering service to science and the country. Tbe 
transportation ofdelicateinstrumentsin the interior is cxtrumely difficult 
and hazanlous. Outside the province of Buenos Ayres tew railroads are 
yet completed, and notwithstanding the recent efforts of the govern- 
ment, there are as yet few roads over which a vehicle cau safely pass 
tor any considerable distance. But I am gradually succeeding in con- 
veying mercurial barometers, thermometers of various sorts, rain-gauges, 
vanes, anemometers, &e., into remote regions, and the monthly reports 
have already begun t« flow in from various quarters. The principal 
objects at first must be to interest and instruct observers, to provide 
them with facilities, and to collect and reduce all possible data, old and 
new, and subject them to careful study. Thus far I feel well satisfied 
with tbe interest already awakened, and I think that this young nation, 
so long struggling with foreign enemies and internal dissensions, has 
i-easiMi to he proud of the number, relatively large, even though intrin- 
sically small, who are ready to work for her welfare and honor, without 
hope of personal glory or emolument. A few years will aS'urd material 
for a knowledge of the climatic relations of various points ; I shall then 
hope for simultaneous observations in numerous places, and who knows 
but the Argentine Eepublic may yet have an " Old Probabiliiies" of her 
own i 

I cannot close this cursory bilt, I fear, tedious sketch of tlie results 
of my undertaking, without referring again to the extreme fiieudliness 
and kindness of the i>eople. Not to dwell too much upon personal mat- 
ters, let me say, once for ail, that from no Argentine, high or low, have 
we had other experience than cordial hospitality, fmterual kindness, or 
respectful consideration. A heartier welcome, a sincerer sympathy ia 
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weal or woe, we could hardly have ex|)ected in onr own conntry. I am 
tbe more anxious to mentioa tliis, eince I bave seen paragraphs circa- 
latioK iD the pablic press to the effect that eome of our iOBtrnmetits 
have been malicioiialy broken. If we shonld say " wantonly," tbe 
statement wonld be true to eome extent ; yet not becaase the apparatus 
was ours, but because its necessary exposure presents a templing lore 
for some half- civilized gaucho, fortified with a full complement of alco- 
hol, to try the accuracy of his aim. All races have their weak points, 
and our apparatus has fared far better than the new sti'eet lantenis of 
Cordoba ; nor would it be fair to expect from tbe uubreeched and untu- 
tored sons of tbe pampas, what I am assured conld not be reasonably 
expected from the youth of some portions of tbe United States. 

The fact that the thoughtful men and leaders of opinion in the Argen- 
tine Kepublic are awake to the educational and social needs of the 
people, furnishes in itself a guarantee that these needs will coutinue to 
be supplied. All the tendencies are toward progress. The vast terri- 
tory of the nation possesses a population scarcely greater than that of 
Massachusetts, and three-fourths of this is a mixed progeny of the 
AMcan negro, the South American Indian, and the Spanish peasant, 
in which it is difBcutt to say which element predominates. To a sur- 
passing agility and dexterity in the arts of savage life they join all that 
sleepy indifference to improvement which the southern sun seems to 
engender in the lower classes. With not the slightest lack of what is 
called religion, they have a melancholy want of morality, and discrim- 
inate broadly between the two, which indeed they consider to have little 
to do with each other. Beading and writing are a rare accomplishment 
among this class, and not even pecuniary stimulus to labor is of much 
avail. Outside the cities, such elegances as pantaloons are rare, and 
various accessories which we consider absolute necessities of civilized 
life are unknown. Yet in constant intercourse with these ^M'Ople are 
others, their own countrymen, refined, accustomed to opulence, and 
desirous of contributing to the advancement of their native land. From 
this class come the legislators; and happy is that land whose lawgivers 
are taken from among the bestedncated and most patriotic! All the 
national energies not requisite for self-detense or self-preservation are 
now given to the development of the resources of tte country, physical 
and moral. Our four years' observation has exhibited one coulinnous 
series of essential improvements. liailroads and telegraphs are spring- 
ing into being with marvelous rapidity, spanning the l)efore limitless 
pampas, and traversing the Andes. Roads, bridges, schools, and col- 
leges have been almost doubled within my own experience. Mails are 
crossing the almost trackless prairies, steamboats are exploring the 
nnnavigated rivers. And, more Uinu all, these adviinces are not the 
mere policy of a single administration, enlightened as this policy has 
been; hut they repivsent the spirit and determination of tl>e ruling 
chusses, which tiie result of no election can restrict, but in manifcsta* 
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tioDS of which all parties vie. An impulse has been given to tnule, 
new comforts have been introduced, and the habits and nsnges are 
growing mure similar to those of other conntries. In Cordoba, which 
the residents of other parts of the country love to ridicule as the speciiil 
abode of bigotry and priestcraft, we have never sufiered the smallest i 
disoonrtes^ for onr difterence of creed, but a fi'ank and cordial treat- 
ment from clergy and laity alike. Bnenos Ayre8,like New York, is a 
cosmopolitan rather than a national city, and can just as Utile be said 
to represent the country of which it is the jirincipal seaport. There we 
find the laxnry, the vice, and the strange contrasts which a great capital 
always presents; but there, too, we find as earnest and enlightened a 
patriotism as any country can boast or desire. Both cities will be for- 
ever endeared tons by the memory of successful labors, of continual 
kiuduess, of cordial aid, and, lastly, of the most teuder sympathy. 
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[TraueUted from the Fieuch' for tbe SuiilliBODiaa lostitutiuD.] 

Note.— Hie author Lna macle iill bis calciilatioua in sqnare fctlumetere. Tliej bare 
Ikod reducetl by the traDsliitiir to Eugliah aquaru mites by the folioiring formaU: 
1 Bquarc kiloumtvr^^.SdGU «i|uitrti milea. 

Attempts liiire been made at tHETerent {>eriods to estimate tlie pop- 
tilatiou of tbe world. Ootiflniug ourselvcB to recent times, in 17)^7 
liiiscbiiig estimated tbe niioiber to be 1,000,000,000. Uutil abont tif- 
t«eu .years ago tills nuuiLier was still admitted as a base iu arraiigiug 
tlie population aocording to the different races, religious creeds, &c. 
In 1858, M. Dieteriei stated tbe number to be 1,283,000,000; that is, 
not far li'om l,300,000,000,t MM. Behra and Wagner, however, recently 
estimated the number at 1,37 7,000 ,000.) 

Tbe difficulties of arriving at u correct estimate will retwliiy be under- 
stood. Tbe present regularly -organized systems of census do not in- 
clude more than one-fourth of the human race, while the numbers of 
the retnaining three-tburtbs have to be estimated from tbe reports of 
travelers; andiniisingthisonly resource we are very frequently puzzled, 
by obtaining contradictory results, from amid which nothing but care- 
ful criticism can obtain an approximation to truth. 

The ideal of the statistician would be to have a census taken of the 
popniatiuu on the same day and on the same general plan in all the 
inhabited parts of the world. 

Probably thia cau only be attained at a future time, when |MM>ple 
become naturally precise ; stUl it should no longer be deemed chimencid. 

A knowledge of tbe distribution of the popniation in the dift'erenl 
parts of tbe flobe, or over the different countries which compose these 
parts, has comparatively little value, unless accompanied by that of the 
area of these countries, in which case we may calculate the relation 
between the number of inhabitants and the surface of the territory over 
which they are distributed. 

'L'AHDUaire <le I'ObHerruloire royal de Bruxellus, for lUT'i, |>. 12H. 

tin the aDuual report of the observatoi'y fur tbe year 1859 was glveo ao aniilysia of 
tbe memoii on the |M>pulatiuu of Lbtt earth, con tri Luted by M. Dietttrici to theAuuUBUiy 
of Scictiu«a »f BltIiu iu March, IHM. 

t Mutlieiliiugeo aue Juutiia I'uctbes' ^ographiticber Austalt, toq Dt. A. Put«riuaun, 
No. 33, 1W2. 
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Tlie measurement of the surface of the earth is also t« a considerable 
degree uucertain; but it is much easier to npiiroximate tlie truth iu 
tbiK imrticular thau iu the ease of population. Large thungulatious have 
been extended over considerable parts of the earth, while the form and 
the dimeusious of continents, by the deteruiiDations of lutitudeu and 
loDgitudes, leave not much cause for doubt. After their value has been 
ascertained, by employing a uniform standard of measure, we are finally 
able to determine the superdcies with a sulhcient exactness. 

lb the following work we intend to give a general idea of the late 
researches of MM. Behm nod Wagner, of ^whicb we previously made 
mention. The authors do not propose to present comparative numbers 
concerning the changes iu the population of countries in which the 
ceosas is taken periodically, but have endeavored to obtain the most 
probable actual unmber of the total population for each state from 
the latest determinations. The areas are given by MM. Behm and Wag- 
ner in German geographical square miles and in square kilometers, for 
the reductions of which the ibtlowing formulas have been employed: 
1 German geographical mile, or -^ of a degree at the equator = 
"'120.43854 meters; 1 German geographical square mile = 5J.0CL't)081 
square kilometers. We shall here give the areas iu square miles; 
but we also give the number of inhabitants per square mile, an element 
which our authors have uot calculated, but have reserved for another 
publication. Iu order to facilitate the comparisou of the different states 
of Europe, we add the proportioual numbers relating to population and 
to the area of the states, separately considered. 

Population of the earth. 
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It must be borne in mind that the numbers in the fourth column rep- 
resent only ratios ; but if we should desire to reject fractions of inhab- 
itants, it would become necessary to give the number per square league, 
and to obtain this it would be sulhcieut to multiply the numbers of the 
fourth column by 0. The result of this operation would be 717, 423, 11, 
15U, and 4S, respectively, per square league, in Europe, Asia, Australia, 
Africa, and America. For the earth, the number would be 240. We 
might also consider the iiumber uf inhabitants per 100 square miles, 
and then the decimals would disappear entirely, giving the results 7,0((3, 
4,G97, 127, 1,606, and 529 ; and by multiplying these numbers by .9, we 
would re-prodace those which represent the number of inhabitants per 
square league. ,OOqIc 



THE POPULATION OP THE WOELD. 
I.— EUROPE. 
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On a mere glance at tbe foregoing table we are astonisbed at the 
greatness of the Itus-tiau empire^ it occupies more than lialf of Europe. 
Arraugoi) in tbe order of tbeir size, there follow Sweden and Norway, 
AnstroHungarj, the Gennau empire, France, Spain, 'lurbey. Great 
Britain and IreluD(!,and Italy, all of which together do not comprise four- 
tentbs of the surface. 

Banged according to population, theabove named states will appi^ar in 
the lollowing order: liussia, Germany, France, Anstro-LIuDgary, Great 
Britain aad Ireland, Italy, Spain, Turkey, Sweden and Norway. Rus- 
sia retains the first place, but the kingdom of Swedeu and Norway 
ranks with tbe small countries ; it is the least densely popnlated conntry 
in Europe, as is evident by examining the column of the prtwediog 
table, headed " Inhabitants per square mile." 

Pansiugover the very small coontries whose population does not reach 
one milliou, and which would furtiisb but illusory or except ioual ri'siilts,* 
we remark that there are two second rate conntrieH which rank in Ibis 
particular with the great powers, namely, Belgium and the Netherlands, 
which bare the greatest number of iuhabititnts per Sfjuare mile, that 
is, in tbe language of statisticinns, have tbu densest population. They 
are followed by Great Biitaiu and Ireland, Italy, Germany, France, 

• Tliiw it i« uviiient tliat wo would not place iu tha front rnnk Heldiilnrni, Uilirullar, 
and Malln, ou one linncl, and Monaco, on the other, tho itnueltiiui of ivhosp pojiulatioos 
reach tliu following oumb«n: 4'.n.t>5 and '20d.4l> per H^oare kilouteter, or l,10l> sd<1 jil 
per squaru mile. ^ 
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Switzerland, Austria, Denmark, Portugal, Boumania, Spain, Turkey, 
Serria, Greece, Russia, and Svredeii and Norway, the two largest countries 
of Europe being reduced to tbe lowest grade in regard to ttie density of 
tbe poi>|^atiou. 

We snail now consider some of the great countries of Europe iu de- 
tail. 

The following table sbows the states which, combined, form tbe Ger- 
man empire : 

(a.) — GERMAN empisf:. 
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The above table shows that, amon;; tbe kingdoms which compose tlie 
German empire, Sasouy is the most important in point of density of 
' population, tbe number of iubabitants per square mile even exceeding 
that of Belgium. 

The grand duchies are six in number, namely : Baden, Hessen, Meck- 
lenbnrg Schwerin, Saxe- Weimar, Meckleuburg-Strelitz, and Oldenburg. 
Tbe largest popalatioo is found in Baden, (1,4G1,428;) bnt it is mo^t 
dense in Bessen, amounting to 111.10 per square kilometer, or 287 .CI 
per square mile, while in Mecklenburg- Strelttz it is represented by tbe 
number 35.5!) per square kilometer, or 92.17 per sijuare mile. 

Tbe duchies are Ave in number, namely: Brunswick, Sase-Meiningen, 
Saxe-AI ten burg, Saxe-Cobnrg-Gotha, and Anhalt, and the density of 
their popalatioo is much more uniform than that of tbe grand duchies; 
Saxe-Altenburg, however, excelling, having 107 per square kilometer, 
or 278.53 per square mile. 

Tbe number of principalities is seven, namely: Schwarzburg-Eudol- 
stadt, Scbwarzburg-Sondershaasen, Waldeck, Keuss, (senior bninch,) 
Keus.^ (junior branch,) 3chaumburg-Lip[)e, and Lippe-Detmold, and 
their combined population does not reach half a million. The least 
dense i>opnIatiooisfoundin the largest of these principalities, Waldeck, 
being 50.14 per square kilometer, or 130 per square mile; while in tbe 
moch smaller Reuas (senior branch) it numbers 164.12 per square kilo- 
meter, or 425 per square mile, thus showing a density of three times 
that of Waldeck. 

The free towns are Lnbeck, Bremen, and Hamburg. Id these the 
density is very considerable, amounting in Hamburg to 827.21 per 
square kilometer, or 2,142.25 per square mile. 
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THE POPULATION • OF THE WORLD. 
(6.)— AUSTEOHUKGAET. 
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Anstria consists of fourteen states, of which tbe most dentiely-popa' 
lated <ire Austria {iroiier, Styria, Bohemia, Moravia, and Galida ; Bun- 
gary includes Ilutigary proper, TransylvaDia, Croatia, and Slavouia, 
tJie Military Frontier, aud the free town of Fiome. 

(C.) — GREAT BHITAIN AND IRELAND. 
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The foregoing table plainly shows that the density of population per 
square mile in England nearly equals that of Wales, Scotland, and Ire- 
land combined. 

II.— ASIA. 





Sqn««mit». 




P 


r^n>^ 


CooDtriM. 


i 

-1 






5,9H96S 

■fl 

bi.'iVi' 

Si 

s,i43,nw 

1. aw; 843 
7M.I31 


10, 131). 000 
16, <03, 0!« 

iSS 

4,000,000 

'■SS, 

'is 

wo, 500, 000 

so&a-ASPO 

a?' 01^**" 
mIo-joIooo 


i-ei 

IM.1S 

7.8a 

15.93 
36.65 

5.;m 


t.03 
«.H 

a» 
o!ci 

0.13 
0.33 
0.W 

aid 
o.es 














0.03 




























D-ii 






























Totnl 


It, 71ft f IK 


Tfl<.m,9W 




100. o« 


IOOlOO 















ir (10.07) giTDo In the Bn( ta 



by Google 



THE POPULATION OF THE WOKLD. 



287 



From the above we see that the Bassiau empire, covering more than 
half of 1 be European coutinent, occupies also about tbree-eigbths of the 
sarface of Asia. Ohiaa does not extend over macb more than two* 
teotbs of the total surface; but, ia the arrangenient acconllDg to popu- 
lation, it iB entitled to the first place, followed by British India, Japau, 
and the Indian Archipelago ; these added together, include niue-teiitbs 
of the entire popalation, while their total surface does not cover much 
more ground than Russia in Asia. 

Id point of density Japiin excels, nenrly equaling the Italian king- 
dom. Next, but at a considerable distance, follow English ludia, 
China, and the island of Ceylon. The density of the Chinese empire 
nearly equals that of Denmark. 

M'e shall now examine more in detail some of the states presented in . 
the foregoing general table. 

(a.)— RUSSIA IN ASIA. 
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The extraordinary density of popalation in the French possessions is 
explained by the fitct that these possessions are rednced to the cities of 
Pondicherry and Chandernagore. The area of the territories belong- 
ing to England is only double that of the more or less indeiwndeut 
states, but the popalation is about three and one-hnlf times as large. 

(C.)— FAETHEE INDIA. 
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The relatively large density of poptilation of tUe English establish 
uieiits in the district of Malacca is dne to the uatare of those establish- 
raeuis, which coutuin two iaii>ortaiit cities. Their ^copulations are, Sing- 
apore, 9T,131; Malacca, 77,755; Penang and Wellesley, 131,889. 



(d.)- 
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The Dutch possessions iu the Snnda Islands and id the Moluccas have 
23,337,829 inhabitants; the Spanish possessions in the Philippiaes, 
4,319,209. 

III.— AUSTRALIA AND POLYNESIA. 
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(a.) — AUSTRALIAN CONTINENT. 
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(6.)— POLTHESIAN ISLANDS. 
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IV.— AFRICA. 
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I From Ihe Senegal to tbe Lowfi Niger, Inelading Upper QDiiiett, 

J The dllfereDoe betveen Ihli namber Mid the oa« glir*D In tbe mnenl tible of tbe world i( dne (o 
tbe fact Ibat Ibii table of ilie ptlaclpol dlilelODiof Africa does not iodode Ibe Interior lake*, tlwdeiert 



Front tbe above table we leam that the Dorthem and sonthern por- 
tioDs of Africa, whose territories are proportioually the greatest, have 
tbe least popalation. Middle Sondaa, West Soudan, aod tbe equatorial 
regioii, which, combined, occupy only balf as much surface, have a pop- 
nlatioD turee and one-third times greater, which is tbe densest io Middle 
Sondan. 





(a.)— NOETH AFRICA. 
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The density of the population is about the same in Morocco, Algeria, 
and Egypt, while that of Tunis is about four times as great. 

(6.)— WEST SOUDA.N. 
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(C.) — EAST APeiOA. 
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(d.)— SOUTH 
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■ Uotambtqag, SdUa, &a. I Angola, BengneU, UoamiDedes. 

(e.) — ISLANDS IN THE ATLANTIC OCEAN. 
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■ To PoTtDRal. f To Spain. 1 To Englaad. 

(/.) — ISLANDS IN THE INDIAN OCEAN. 
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[a.) — ^NOBTH AMERICA. 
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(ft.)— OBI'^R^L AMERICA. 
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(«.)— WEST INDIES. 





SqureUle.. 


PopnUUoD. 


1 


Pr.q»rti™. 


SUIM. 


1 


1 




lioao 

'368 
110 

10,300 


300, «4 

9,ape 

1»,500 


63.' <8 
301. U 

roe 


13. W 

oiw 

0.13 
0.01 


K»!ll 


S^s?:-:---"-"--: 



























• Cnb> and Porto Rico. 

IJamiiln. Bu-budoc^ Tibago, Trinidad, fts. 

t UinlDlqoe and Gaadnioape ud dspeiid«i<il«i. 
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(d.)_SODIH AHEBICA. 
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In examiDiog the above tables one will at once be aBtonisbed at the 
disproportioD between tbe popalatioo of ftorth and South America. 
While tbeir areas are in tbe proportion of 10 to 8, their populations are 
in tbe proportion of but 10 to 4.9. 

The population of the United States forms nearly tbree-fourtbs of the 
ITortb American aud nearly one-half of the entire American population. 
Though ite area is about the same as that of the British poasessiona, it 
has nearly ten times tbe population. 

While tbe area of Mexico aud that of Greenland are the same, their 
populations differ in the proportion of 917 to 1. 

Among tbe small republics in Central America, Guatemala has the 
largest population ; but, in regard to density, San Salvador excels. 
They all combined hare a much denser population than the United 
States and Mexico. 

In the West Indies the Spanish possessions occupy the first place, 
not in regard to extent, but to population. But, with an area of about 
one-fourth that of the former, the English possessions have a popula- 
tion of more than half their number ; that is to say, twice the density. 
The density of popalation in th6 French possessions is still greater, 
attaining the uumber of 116 per square kilometer, or 300 per sqoare 
mile. 

Brazil occQpies the tirst place in South America. Its territory ex- 
tends over nearly as much ground as that of the United States or of the 
British possessions in North America, but its population, though a little 
denser than that of the Iatt«r, Is much less than that of the fonner 
country. 

The greatest density is fonnd in Paraguay and in Ohili, approaching 
that of the kingdom of Sweden aud Norway in Enro{>e. 
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ON WARMING AND VENTILATING OCCUPIED BHIIDINGS. 



Br Artbdr HOKIM, 
Hredor of ihe Ctnutnalory of Artt amd Trada, Farit, 



[Traiulated for the Smithaonian Institntion by Clacenoe B. ToDng.] 

[General Morin, the author of this mnnaal, has long been known as 
one of the most distinguished technologists of the French Academy. 
The translation and publication of his vork on warming and ventilation 
will doubtless be considered a valuable addition to the English biblio- 
graphy of the subject — J. H.} 

1. The means for producing warmth and ventilation are so closely con- 
nected, especially during the cold season, that it is almost impossible 
to treat them separately, even in such a review of the teachings of 
science and experiment as the present, and hence both these subjects 
have been included id the title. 

WARMING. 

OENEOAL 0ONBIDBBA.TI0NB. 

3. SeaHng^^^paratKs. — We may consider forms of heating-apparatus 
in three different respects : 

1. In regard to economy of fuel. 

2. In regard to effect on health. 

3. In regard to comfort. 

For heating places occupied but for short periods, such as the vestibnies 
of public buildings, stairways, waiting-rooms, and even churches Uie 
first of these considerations should decide the choice of apparatus. 

For occupied buildings, however, the second consideration should 
have more weight; and here we may give as a rule that every heaiing- 
apparatua or system of heating which does not provide in itself for an ample 
and regular change of air, or which it not connected with suitable arrange- 
tnents for prodtioing such a change, t» injurious to health. 

In regard to the third consideration, while it is often opposed to the 
flrst^ it is closely conoected with the second, since there can be no 
method of producing pleasant warmth but such as is also healthful. 

In the rapid review of heating-apparatus which we shall make under 
these three heads we shall distinguish between those used for special 
parposes and those for general heating. 
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OPEN PIBE-PLAOES. 

3. At tbe head of comfortable aud bealthful forms of heating-appa- 
ratas n^ed within buildings are placed open fire-places, of which two 
dittereot kinds may be dietiaguisbed : 

1. Ordinary fire-places. 

2. Ventilating fire-places. 

The remarks which will be made in regard to the first, and tbe 
proportions suitable for them, will also apply to the second, which, in- 
deed only differ by having some special arrangementa. 

COMMON FIBB-PLACBS. 

Two distinct types may be considered. The first, 
which IS the one most frequently met with, consists 
of a cbimney of proper size, connected with the 
hearth at tbe bottom by means of a more or less 
narrow opening, tbe lowei part of wbicb forms the 
passage which Bumford called tbe throat of the 
chimney, (Fig 1 ) On the upper part of the fine 
IS placed a sort of ajutage, called a chimney abaft 
when built of bncks or tiles, and chimney cap when 
Ej,. a. made of terra-cotta, (Pig. 2.) The opening 
for tbe escupe of the smoke is much smaller 
than the sectional area of the main fine. 
i This type is almost the same as that de- 
Vvised by Bumford, and vhioh bears his 
name; but whilehe pointed outits ad vantages 
over the old forms of chimneys in regard to draught, 
he did not determine the correct proportions of the 
several parts. 

In the second type, often met with in tbe apper stories of houses in 
Paris, the due, which is usually cylindrical, has the same sectional 
area throughout. It has been recommended by M. Peclet,in bis treatise 
on beat, as proper for ever; case ; but its use should be restricted to 
very small obimueys, and, iu general, to cases where stoves are used for 
heating. 

4. General adva»tage» and diaadvantagei of ordinary fire-plaoes. — Ordi- 
nary flre-plaeea, which cause the removal of a considerable amount of 
air, and, therefore, the change of that in the apartments, present tbe 
incontestable advantage of forming a healthful mode of heating. Bat 
tbe air which is removed must necessarily be replaced by tbe external 
air, entering usually through the loose joints of the doors and windows, 
thua causing currents of cold air, which become more unpleasant the 
greater the size of the chimney or the stronger the draught produced by 
tbe fire. Consequently, as Bumford says, *' the draughts chili one part 
of the body, while the rest is roasted by tbe fire in the fire-place, and 
this cannot but be injurious to health." All have noticed tiiese offectB 
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□ear a large fire-place in which a atrong fire is bnruiiig. It is especially 
in the large rooms of country-hoaaes tiiat these effects are most appar- 
ent and unpleasant.' 

In other aud frequent cases — especially lu Paris, owing to the con- 
fined kitchens, the proximity of water-closets, and the application of 
weather-strips to the Joints of doors and windows — the draught of a 
chimney In which a strong fire is burning is supplied in part by the air 
which lias passed through those places,thus introducing into the living- 
rooms unpleasant and unwholesome odors. 

5. Heating-effect of ordinary Jire-placea. — The hot air from the fire 
passes out of the cbiutney at a temperature often at 14U°, 175°, 212°, or 
more. It carries with it and di£fuses in space, without useful effect, the 
greater part of the heat given out by the fnel.t This loss is as great 
as six-sevenths, sevcu-cightbs, and more, of the heat produced, so that 
what can be called the heating-effect of au ordinary fire-place scarcely 
exceeds 12 or 14 per cent, of the total amount of heat produced by the 
fuel. It is necessary then, while retaining the advantage of a quick 
change of air, to restrict the amount and the temperature of the escaping 
air to that necessary to maintain the healthful condition of the room 
and the force of the draught. 

6. Proportions necessary to secure cltan^e of air and draugkt. — A com- 
mou chimney of the proportions usually adopted at present in Paris 
removes in an hoar on an average an amount which equals and often 
exceeds five times the capacity of the room it is intended to warm, and 
this t^ange of air will be sufficient iu rooms of the usual size to secare 
a ventilation of over 1,000 cubic feet of air an hoar for each person, 
supposing there he more than one for every 10 sqnare feet of floor-room. 

Again, in order that the draught should be sufflcieatly strong and 
unaffected by the wind, it is only necessary that the products of combus- 
tion should escape with a velocity of 10 feet a second in the case of a 
fire of average intensity; but it is unuecessary, aud even injurious, to 
have so great a velocity in the main fine, where it should be only from 3 
to 7 feet in a second, which is secured by making the flue sufficiently 
large. 

The theoretical discussion of the conditions of the motion of air iu 
chimneys, and the results of experiment, lead to the following rules for 
the proper proportions for chimneys in dwelling-hou8es.t - 

7. Proportions of Jlttes and shafts for private houses. — For dwelling- 
houses in the city or in the country, only a few stories high, where the 
walls that the flnes are built in are of sufficient thickness, the chimneys 
may be made of common bricks, aud then the proper dimensions for the 
flues as well as for the shafts at the top, according to the size of the 
room, may be determined by the table given on the next page. 

'EHsaiH poliliqnes. (koiKimiqm'Bft iiliiloBopbiqiiesiliiconiledo Bunirord, I, l«r, p. ol. 
f EtDilei BDr lu ventilaliou, tuuie ler, uhitp. a, pp. 3£ ei 
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It may be remarked that the dimensiooa of flues given Tor rooms 
with BD area of 10,000 cubic feet are quite large, and that it would be 
difficult to exceed tbem without causing the great anDoyance which is 
experienced in large dues, that of caosing descending carrents of smoke 
when the fire is kindled. 

It will, theiefore, be better iu warmiug Buch large rooms to uae a 
heater in addition to the fire-place. 
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8. Proportions of flues and chimney-caps in apartment-houses of maHg 
Hoora. — In cities where houses are built of many stories to rent iu dnta, 
especially in Paris, chimueys are built of bricks of special forms or of 
pottery-ware pipes, on the top being usnally placed cylindrical caps of 
the following dimensions : 



KDmbei of the pattern. 
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Three ty|>es of pottery-ware pipes may be distiDgmnhed : 
9. First type, pipes made in sections called wagons. — (Fig. 3.) — They 
Rir. S. 




el 



rare placed in the' thickness of the partition, wall a or in the face of the 
wall and forming jiait of it. Of these there are live different patterns 
or numbers, the proper one to be nsed depending upon the size of the 
rooms to be warmed and the thickness of the walls iu which they are 
'to be placed. 
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The unoiber of the pattern of pipe and cap to be used may be deter- 
mined by the following table : 

3W>Ie of KO^tm-aAafwil pipo and oojw b> be uaed aoatr&tig (a &i* (Aicttwti i^ wallo sitrf lAe 
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10. Second tffpe,pipes made in aectiotu called meatures, designed, for ehim- 
neya which project from the wall against which they are built. — (Fig. 4.)— 
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These pottery pipes are thin and have a mean height of 1 foot 9 inches. 
They ate made in six numbers, which may be selected by the particulars 
given in the following table : ' 
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11. ObservatioH. — It will be seen tbat these pottery daes are ouly 
eaitable for rooms of ordinary size, and would be entirely insufficiuut fur 
large reception-rooms. j^ ^ 

12. Third type, arch-shaped pipes called Qottrlier's, — (Fig. 5.) — p 
Tbis form of pipe is only employed for small chimneys or where 
stoves are used. The sections are molded in the form of vous- ^: 
soira, and four are joined together to form the flua Their thiuk- 
nesa is usually 2| inches. There are ouly two patterns, one 
forming a passage of Df | inches in diameter, or 76 square inches 
in area, designed for walls 1 foot 7 [^ inches thick; the otlier 
having an internal diameter of 8f^ iuubes, or 59 square inches 
in area, used for nails of 1 foot 3^ inches iu thickness. These 
flues can only secure ventilation in very small rooms, and should 
not have caps placed on them. Their use is generally limited 
to rooms warmed by stoves. 

VENTILATING FIBE-PLACES. 



13. These flre-places, the uiaiu idea of which is not new, are, k' 
like many other plans proposed by build- 
ers, intended to utilize more effectually 
than the common forms the heat given 
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erable quantity of Acsb air, warmed to a moderate 
degree, to replace that which has passed up the 
chimney, and also to reduce the amount of cold 
air entering from the outside through the crucks 
of thedoorsand „ 

windows. But ^ K- - 

while the plans ^ 
at first pro- f- 
posed drew in ^ 
but a small 
quantity of 

fresh air, scarcely equal to one-tenth of that pas- 
sing out through the chimney, and raised it to 
temperatures of from 200° to 250° and often more, 
the forms devised by the ingenious <Japt Douglas 
Galton for the fire-places of English barracks 
have furnished ^ 

a very satisfac- Hg. a 

tory solution of ' 
the problem, as 
hasbeen proved - 
' by some experi- 
ments made ' 
with two fire-places of this kind at the Conservatory of Arts and Trndea.* 
' AuuulAS du CouBervutoice, (iu vulume, IHtHi. 
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Fi(^. &, 7, 8, 9, 10, show that these fire-places coDStst of em ordi- 
uarj grate for wood or coal, completely separated from the wall behind. 
The fine, as far as to the top of the room to be 
warmed, consists of a cast-iron pipe placed in the 
center of a shaft extending to the ceiling, and 
into the latter passes the ext«rn!il air admitted 
from below, on tbe side or at the back, according 
to local eonditioos. 

Kear the ceiling the shaft tbrongb which tbe 
external air has passed and been warmed con- 
tains an opeoiug fitted with inclined slats, which 
direct the air toward the top of the room. Tbia 
opening should contain a register, which may be 
easily opened or closed according as tbe lire is 
bright or dull. 

Observation shows that with F^io. 

the dimensions given below 
the amount of air tbns intro- 
duced at 80° differs bat little 
from that passing off up the 
chimney, so that tbe admission 
of cold air through the doors 
is almost prevented. This in- 
troductiou of warm air, in ad- 
dition to tbe warmth produced 
by the ordiuaiy radiation from 
the fire, increases its heating- 
effect; which becomes as mnch as 35 (>er cent, of the beat produced by 
tbe fael, while tbe common forms of flre-place give but 12 or 14 per cent., 
autl those supplied with Fondet's apparatus but about 20 per cent. 

li. In every building where this form of flre-phice can be nsed it is 
evident that it should be preferred to all others, and in its construction 
tbe proportions given below should be followed. 

It is well to add that most forma of iron grates suitable for burning 
coal or coke are easily ada[ited to this form, provided that it be possible 
to provide for the admission of the external air. 
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Above tlic room to be warmed, tbe warm-air shaft is discontinned and 
the flue carried up io the usual way. If, however, it be desired to uao 
tbe abaft for warming rooms above, it may be prolonged ; a register beings 
fitted to it at each floor to regulate its action. 

The beartbs of these fire-places should be arranged as In common firf- 
places. They should be made of cast iron, and the fire-place lined with 
fire-brick if coal or coke is to be used. A movable blower should be 
arranged to be ased for kindling the fire. 

15. Observation relative to large rooms. — It is proper to repeat here tfaat 
the dimensions given for these ventilating fire-places cannot be mmrh 
increased, even for the largest rooms. But while two fire-places of the 
mual form, placed in the same room, often iuteriere with each other, 
tbe same difflculty is not experienced with ventilating fire-places, which 
supply themselves with the air necessary for draught. 

Still, in such cases, it is better, in addition to the fire-places, to employ 
heaters, arranged according to tbe principles given farther on, to be 
cliiefiy used in warming vestibules, stairways, corridors, anterooms, 
&c., only iutrodnctug into the living-rooma warm air, which has the 
moderate temperatare of 01° to 100° in tbe upper portions. ' 

STOVES. 

16. Domestic use. — Stoves, usually placed within tbe room, form tbe 
most economical method of heating. Those which are made of porce- 
lain, sheet-iron, or cast iron, without bot-air passages, and deriving 
their supply of air from the rooms in which they are placed, give out 
into the rooms they warm 85 to 90 per cent, of the heat produced by the 
fuel. {Fig. 11.) 

But the amonnt of air which passes through 
the stove and escapes up the chimney is only 
about 80 cubic feet to each pound of wood 
burned, from 96 to 112 cubic feet to each 
IK)und of coal, and from 160 to 192 cubic feet 
to each pound of coke, even with a brisk fire- 
Stoves of this kind only produce a very slow 
cbauge of air, equal, at most, to one-tenth the 
capacity of tbe place warmed, tbe air of which 
■ consequently would only becompletely changed 
by them once in ten hours. 

Warming by means of stoves is, then, evL 
dently injurious to health. They have, besides, 
tbe defect of vausing considerable differences r-, 
between the temperatures which prevail at -^ 
different heights. These differences may be 
as mnch as 18'^ or 20° in rooms 13 to 16 feet 
high. 

17. Injurious effects produced by caMtron 
atones.— Oast-iron stoves are mnch more inju- - 
nous than porcelaiu ones on account of the great and irregular hearing of 
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their sides. They are asnally so badly made that they should not be used 
in dwelliDgs. According to some recent direct and careful experimcDts* 
made in 1867 by H. Deville an^ Troost, cast iron, at a red heat, readily 
allows the passage of gas, especially hydrogen and carbonic acid, which 
explains the very injarious and even poisonous effects produced by the 
Qse of stoves in the rooms of a dwelliog. At best, they should only be 
used for warming passages and such rooms in the house as are trequcDtly 
opened, or in which the air may be easily changed. 

Stoves made of porcelain or sheet-irou are far preferable, and are not 
sabject to the same defects, but they do not secui'e a more rapid change 
of air. 

It is proper to add, however, that, for some years back, stove-fonuders 
have been striving to improve cast-iron 
stoves, the imperfections of which, though 
not at first so well known, were still per- 
ceived. Stoves are often made at present 
so thataft«r the fire is started, the opening 
of movable doors or the removal of blowers 
converts them into grates detached from 
the wall, and able, with stifflciently large 
chimneys, to produce ventilation similar 
to that of ordinary fire-places. la addi- 
tion to these plans, many forms of which 
are made in foundries, if a fire- brick lining, 
which is easily renewed, be placed in the 
stoves, the excessive and sudden over- 1 
be<itiug of the iron and the rapid destruc- ^ 
tion of the metal will be prevented, and ^ 
the unpleasant effects resaltiug from the ' 
use of cast-iron stoves much diminished. 

Similar arrangements might idso be in- 
troduced into those little furnaces used at 
the same time for warming the room and 
for cooking; as well as in the construction 
of hot>fur furnaces. 

18. Stoves with circulation of hot air, — ^When the air which passes 
tbroogh the pipes and out through the hot-air openings is taken &om 
the room itself, the previously-mentioned unpleasant effects continue, 
and, besides, since the air from these openings is at a temperature often 
above 212°, they injuriously affectthe people near them, and are ud- 
healthful. 

If the hot-air passages and the draught be supplied from the external 

cold air, a part of the heat given out by the fuel being employed to 

warm this air, the beating-eftiect of this apparatus will be slightly 

increased, because the escaping gases will be less warm ; but it will not 

'ComptM rendusdel' Ao»d^ie des scieDcet, lajauviet 1064. 
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be less aDhealthfnl, becanse the hot ajr wbioh it funiishes is always at 
au excessively high temperstnre. 

The removal of the foal sir of the room, also, is rather diminiehed 
than iDcreased, since the temperature of the escaped gases is less. 

IV. Stoves tcitk circulation of air made on the model deviaed bg tke late 
ReaS Buvoir and the General Qaa-IAght Company. — These stoves, with 
whioh some schools in Paris are provided, and which are recommended 
to the public by the General Gas- Light Company for coke-biiming stoves, 
utilize 67 per cent, of the beat prodiiced by the fuel. 

The escaping products of oombustiOD often have at 13 feet from tiie 
Are a temperatore of 75(P or more. The warm air which passes into 
the room is as high as 392^, and its volame is only 800 cubic feet for 
each ponnd of coal burned, because the passages provided for it are 
much too small. Those of the usual proportions only produce a change 
of air of about 2,119 cubic feet an hour, or 362 cubic feet to tbe pound 
of coal. They are consequently unhealthfol, and do not merit the name 
of TeotilatiDg stoves, which some makers give to them. In order 
to make them cheap, most stoves of this kind are made with the 
total heating-surface scarcely equal to twenty times that of the grate, 
while it should be at least three or four times as much. The surface of 
the hot-air passages is scarcely equal to that of tbe grate. This should 
also be three or fonr times as much, to increase the amonut of air 
introduced and to reduce the temperature. 

The chimney has an area equal to 18 per cent, of that of the stove. 
It would be well to double it to secure at least a more rapid change of 
air ; but tiffin the beating-efl'ect of tbe apparatus would be mat«riaJlf 
reduced. 

20. fortoJJe heaters — ChaitssenoVs ami similar model*. — {Fig. 13,) — 
This builder has made, for large rooms, ball-ways, &c., stoves with hot- 
air circulation, which are true heaters, because, before escaping into 
the air, the proilncts of combustion paaa through many pipes, and a 
considerable amount of warm air may be obtained, drawn, if necessary, 
fVom tbp outside of the building. Their heating effect is as much as 
93 per cent, of the beat produced by the fuel. They are capable of io- 
troducing into the' places to be warmed about 2,661 cubic feet of lur for 
each pooud of coal cooenmed, but the temperature of tbe air is as high 
as 266<^, or even more, which shows that the paaaages are not sufficieotiy 
large. With their present proportions, they only remove 91 cubic feet 
of foul aur for each ponnd of coal burned. They are, consequently, un- 
heal thful, and are only suitable for warming passages, such as vestibules, 
stairways, &c., where the external air enters and mixes freely wit^ the 
warmed air. In a stove of this kind experimented upon at the conserva- 
tory, the total beating-surface is more than one hundred tames tbe grate- 
surface, which is a good and large ratio. The surface of Che air-passa- 
ges is equal to three times the grate-surface, which is not quite enough. 

Tbe chimaey has an area equal to 17 per cent, of tbe graCe-surfiuse, 
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wliich is enough for dranglit, but does not secnre a sufficiently rapid 
remoTal of foul air. 

21. Improvements to be made in the conatrvctwa of stoves. — The princi- 
pal defects of all stoves, without exception, are — 

1. Not carrying off foul air as quickly as necessary for health. 

2, Giving too high a temperature to the air which passes through 
thetn. *^->3. 

The means of lesseuing these faults 

1. Making separate ventilatingshafts, 
heated directly by the stove and the 
chimney. 

2. Enlarging also the size of the hot- 
air passages, and always, when not 
mpossible, taking the air from the 
outside of the building in order to pre- 
veut it from euteriug through the doors 
aud windows. 

3. Fiimisbing the stoves with doors, 
which, being opened atter the hre is 
kindled, change them almost into open 
fire-places, aud cause a strong draught 
in the chimney, the size of which should 
tie enlarged, without fear of increasing 
too much the expense for fuel. 

German stoves aud those of some 
French makers have an arrangement 
of this kind, though still imperfect. 

22. Fireplaces and stores with reversed 
draught. — In some cases the want of - 
a flue above tlie fireplace renders it necessary to carry the smoke 
to a bori7,ontal passage below, which conveys it to the bottom of a 
vertical flue, placed some distance off. To obtain in such u case a 
draught at the instant of lighting the flre,it is generally necessary to start 
a small fire in an opening in the horizontal passage at the foot of the 
vertical flue, which causes a momentary draught; the external supply 
of air to this fire being stopped as soon as it is kindled, in order that, 
taking air from the horizontal passage alone, it may produce a current 
which will extend to the chimney or to the stove. But this arrange- 
ment is often insufficient, at least unless the extra Are be kept up, which 
would be very troublesome. 

In houses lighted by gas it is preferable to introduce into the cbimney 
at the occupied story, and not at the level of the lower horizontal pas- 
sage, gas-jets inclosed in a little metallic chimney 9^ inches to 11^-J 
inches high, with a separate »ir-su(>ply, in order to prevent it from 
being extinguished by'the smoke. Three or four jets, each oonsiuuing 
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4 cubic feet an hoar, are usually enough. The heat given out by the 
combustion of gas producea in the flue an increase of t«mperatare, 
wliieh keeps ap the draugbt of the stoves or chimney. After the fire ia 
well started, the gas-jets may be put out. An atraugement of this kiud 
ftpplied at the conservatory to a stove, the draugbt of which could Dot 
be kept ap regularly by an extra fire of the usual kind, and which was 
also in very bad condition, succeeded very well, even during strong 
winds. * 

STBAM-HBATINO. 

24. The rapid circulation of steam even under very slight pressure, 
and the large amount of heat it gives out in condensing, are the princi- 
pal advantages of this mode of beating, which only requires, for the 
passage of the steam, pipes of small dimensions, but it has with the 
forms of apparatns most in use very grave defects. 

Irregularities in the fire affect very sensibly the circniation of steam, 
and want of attention, especially apt to occur during the night, leads to 
condensation. When the Are becomes hot again, the steam, which then 
flows quickly into the pipes, where a partial vacuum has formed, meeting 
a great deal of condensed water, drives it violently, and the shocks 
occiisionally produce explosions, often cracks and leaks, ot at least very 
frequent disagreeable noises. 

These great objections bave generally led to the abandonment of 
wnrming by direct steam -circa latjon, except in factories where the 
escape-steam from the engines is ma<le use of. In that case it flows 
constantly through large exposed pipes, having a slope sufficient to pre- 
vent the accumulation of condensed water. But when it is desigued to 
warm dwellings by carrying the steam through thin floors, the difficul- 
ties increase, and all the unpleasant effects become manifest. 

Grouvelle, a skillful civil engineer, has designed and constructed for 
several hospitals an arrangement in which the steam does not directly 
heat the radiators placed in the rooms, but tbe steam-pipes heat water 
placed in those radiators. This system, in conse<]Ufince of the great 
density of water and its imperfect conductibility of heat, prevents the 
too sudden checking of the radiation when tlie flow of steam is dimin- 
ished or stopped. These radiators have, on top, a little opening, which 
preveuts the temperature of the water from rising above 212°, and tbe 
pipes which fUruish a passage for tbe air coming in fttim the outside 
do not allow the temperature of that air to exceed 1Q4P or 113°. 

Special arrangements also allow the steam to be carried through tbe 
radiators, or through external pipes, so as to moderate the temperatnre 
of tbe room by using only a few of the radiators. But if this plan 
secures a more regular warmth, it does not prevent trouble from con- 
densation in the pipes passing through tbe floors, nor from leaks, which 
are always difQcult to discover and to stop. Some accidents which have 
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hapi)eae<I at Lnriboisi^re Hospital have eren shown that this system U 
not entirely free from sudden raptures. 

The advantages of steam-beating may be retained, without its prin- 
cipal defects, by arranging the circnIatiDg-pipes rertically in shafts 
formed in the thickness of the walla, or specially bnilt for them, as 
has been done in some wards of the Viiicennes Hospital, or as d'Hame- 
liucourt has arranged it for the circalatiou of water at the company's 
office at the Korthern Eailway. 

Some of these pipes may be exposed in the form of columns, and be 
used for warming the hands or the feet, as is doue in many establish- 
ments in Germany and Switzerland. 

These arrangements, trhich agree very well with the condition that 
the fresh air shonid ent«r near the ceiling, secure the immediate return 
of the condensed water to the boiler, and, tlierefore, greatly diminish 
the effect of leaks, which would h€ more easily prevented than in the 
forms usually adopted at present. 

Nothing should prevent the adoption, in each ward of a hospital, of 
an evaporator wanned by steam on Grouvelle's system, in order to pro- 
mote the comfort of the patients. 

It is proper to add that when the radiators and pipes have a heating- 
surfnce of 215 to 258 square feet for 35,316 cubic feet capacity of halls, 
an elevation of temperature of 29° or 32° may be obtained even in the 
coldest weather. At Lariboiai&re Hospital the proportion is 280 square 
feet, and it is evidently greater than necessary. But there remains 
against steam-heating the charge of being too readily affected by irreg- 
ularities in the fire, and particularly by want of attention on the part 
of the firemen, which during the night may be very much prolonged. 

HOT-WATER HEATINO-APPABATU3. 

25. This system of warming, which has been known and in use for a 
long time with various modifications, is much less apt to cause sudden 
variations of ten' perature than the preceding, since hot-water vessels 
and pipes of equal capacity always contain a much greater number of 
nnits of heat than if filled with steam. The great density of water and 
its steady circulation through the heater long after the fire has become 
low, maintain a very regular heat in spite of temporary want of atten- 
tion. 

The temperature of the air warmed by this apparatus is always 
very moderate. It is even difficult to ' raise it above 100° or 112° with 
large radiating-snrfaces. In this respect this method of heating is very 
healthfat, provided that ample ventilation be maintained in addition. 

It is not essential to follow Ij. Dnvoir's plan of placing regulating- 
receivers in the upper part of the house to which the warm water 
ascends, in order to secure a sufficiently rapid circulation by the difif^* 
ence in the density of the high ascending and descending columns. 
20 a 



by Google 



306 WARMING AND VENTILATING OCCUPIED BUILDINGS 

Heating-apparatuB of tbis kind in nee at Gny's Hospital, Londoo, at 
the Sydenbam Palace,aDd all tboae used in warmiog green-housea, prove 
that, provided tlie pipes be Bufficioatlj large, a small difiference in height 
between the ascending and deseendiug pipes is aafficient to maintain the 
circulation with even a slight difference of temperatnre. Another con- 
clusive example is found in the apparatus used in warming some baths. 

The hot-water circulating-pipes may be arranged to warm the ain 
eitber in tbe lower portions or in vertical shafts built in or against tbe 
walls, through which the outside air passes and becomes warmed by 
contact with tbe pipes. 

The first arrangement, in which the pit)es may be in sight throughout 
tbeir whole length and placed in easily accessible places, renders leaks 
of little consequence, and allows them to be easily found and stopped. 

The second, which is used by d'Hamelin court, and in wbicb baud-hole 
plates are placed at the top of each section, gives almost tbe same 
facility and allows of the removal of the leakage- water. 

Both these plans are more cheaply applied than that which has been 
adopted by Ii. Duvoir-Leblanc, who carries tbe water in the thickness 
of the floors, and they are free from tbe somewhat too severe condem- 
natiou wbicb has been visited niwo the plans of that builder. 

In these systems, radiators may be entirely dispensed with or confined 
to one in each ward for the comfort of the patients. 

26. Proper proportions of heatingsur/aces. — A bot-water beating-appa- 
ratus does not give out as much beat as a steam-beating apparatus with 
the same surface. An examination of the results obtaiued at Lariboi- 
si^re Ilospital shows that a heating-surface of 291 s^inaro feet for rocnus 
with a capacity of 35,310 cubic feet is scarcely sufficient in very cold 
weather, and we think that it would be better to give to the radiators 
or receivers placed within tbe rooms to be warmed at least Sii3 to Zi4 
square feet of total heating-surface for that capacity of 35,316 cubic feet 
in places similar to hospitals. 

In regard to apparatus placed in cellars and designed to warm air 
which is carried thence through pipes which may cool it, or into rooms 
not kept constantly warmed, prudence requires that the beating-surfiice 
should be 538 square feet for warming rooms containing 35,316 cnbic 
feet, aud it is also necessary that tbe air should not be carried Co a great 
distance- ' 

In general, tbis system has a smaller heating-capacity than tbat io 
which the water is carried in pipes or through tbe air-passages. 

But when the beater, the pipes, aud tbe radiators are all contained in 
the room to be warmed, the loss from waste heat is reduced, as in the 
case of stoves, to that carried ofl' by tbe chimney. Besides, since tbe 
heat requires to be kept moderate, this system unites tbe advantage of 
healtbfulness to that of economy of fuel, and appears to me as a system 
of general heating preferable to the other systems employed for the same 
purpose. 
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Under these coDditions, the total heating-snrfaee might be reduced to 
369 square feet for boatiag rooms of 35,316 cubic feet. 

A regular moderute and couetant temperature being mach better 
secured b; a circulation of water that can be iucreased, checked, or even 
stopped, partially or entirely, as well as In the systems making use of 
steam, we believe that it should generally bare the preference, but 
especially in the case of hospitals. 

27. Heating by the circulatitm of toafer of very high temperature. — ^In 
regard to that system of heating by the circulation of water of high 
temperature known under the name of Perkins's system, where the water 
often attains a temperature above 672°, it cannot, without danger, be 
carried through pipes placed in the thickness of the floors or near pieces 
of wood, which would be slowly affected by so high a temperature and 
disposed to spontaneous combustion, as more than one fire has shown. 
Also, at present, in establishments where this system of warming has 
been adopted, all the pipes are in full view, and hung against the walls 
or ceilings, which makes a very unpleasant appearance. It is, besides, 
essential to surround with a grating or case those portions of these 
pi[>es which are in contact with the building in order to prevent serious 
accidents. On all these accounts we do not think it proper in any case 
to make nse of this system of heating. 

28. Combination of hot-water and hot-air healing-apparatus. — The diffl- 
culty of beating by means of a hot-air furnace to a greater distance 
than 40 or 50 feet horizontally from the heaters may be overcome, as 
we have said before, by placing in the furnace, either a boiler or tubes, 
called bottles, leading into the hot- water pipes communicating with the 
radiators and the return-pipes. In this way a combined system of 
heating is obtained, one part by warm-air and the other by warm water, 
the latter being capable of useful effect at a great distance. 

29. ComfttnatioM of warming and ventilation. — Apparatus for heating 
by steam, hot water, and by both air and water may easily be connected 
with arrangements tor direct ventilation ; water or steam vessels being 
placed io the pipes or in the chiinney to give it the proper activity. 

30. General conclusions from expe}'imenla on Jieatingapparatua made t« 
lS65-'66. — Experiments, the results of which I have given in notes 
appended to the Annals of the Conservatory, together with those which 
I have already published on fire-places, lead to the following classifica- 
tion of the different forms of heating-apparatus examined, made with 
reference to their heating-effect; that is, the ratio of the heat which 
they give out directly or indirectly in the places for which they are 
intended to that developed by the fuel consumed. The table also 
shows their advantages and defects as regards ventilation and effect on 
health : 
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VENTILATION. 

GENERAL FBINOIPLES. 

31. Propertiea of air. — Before giviog tbe rales to be followed and tbe 
proportions to be adopted to eeenre in dwellings a proper change of air, 
it. will be useful to state some general principles of phjaics relative to 
tbe properties of tbis gas. 

Air, composed of 21 per cent, of oxygen and 79 of nitrogen, is a pon- 
derable body. At the temperature of 32<^, and under the pressure of 
30 inches of mercury, 1,000 cubic feet of air weigh IJ ounces. It is subject, 
then, like all other bodies, to the laws of gravity. Its molecules, like 
those of all gases, are but feebly bound to each other by molecolar 
attractions; the slightest force, the least elevation of temperature, the 
feeblest reduction of pressure, causing the preponderance of the repul- 
sive forces and separating the elements irom each other. On tlie contraty, 
the slightest depressiou of temperature unites more closely the mole- 
cules of air, and renders it more dense aud heavy. 

Air expands under the action of heat and contracts under that of 
cold, the same as other gases, and its volume varies with the tempera- 
ture, according to Oay-Lussac's law, expressed by the formula — 

V=|; 1 + 0.002036 ((-32) ] Vo=[ 1 + a (*— 32) ] Ve 
in which — 

y«=its volume at 32°, and at tlie barometric pressore of 30 incbcfl 
of meronry. 
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y the Tolame which it occnpies at the tcmperatare ^; and 
a=0.002036=a coDstant co-efflcieDt obtained by experiment, and 
which expresses the proportion in which the roluuie increases for 
each degree Fahrenheit. 
This formula shows that, under the same barometric pressure, a vol- 
ume of one cubic foot of air at 32° becomes — 

[l + a {(—32) ]=[ 1+0.002036 (*— 32)1 cubic feet in passing to the 

temperatnre of t degrees. 

If the temperature falls instead of rising, the air contracts, its volume 

diminishes in cooling, and it follows in this contraction the same law, 

expressed by the formula — 

V=[ 1 — .002036 ((-32) ] V,=f 1-a (t—32)] Vo 
which is the same as the preceding formnla if the temperature t is con- 
sidered plus when above and minus when below. 

32. Variation of density. — When the temperature of the air rises and 
its volume increases, its density, or the weight of a cubic foot, diminishes 
accwding to a law expressed by the following formula, assuming that 
the atmospheric pressure remains constantly equal to that of 30 inches 
of 



d= 



_ d. _ 



0.081 



" 1 + a(f— 32) 1+0.002036 ((—32) 
The density or the weight of 1,000 cubic feet of air at diGferent tem- 
peratures, calculated by the above formula, is given in the following 
table: 
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33. Mariott^a law. — According to ibis familiar law, the temperatare of 
tlie air rentaiuiDg couataut, its volume varies inversely aa the pressure 
to wbich it is exposed, and ita density ia proportional to those pressures. 

34. General relation between the pressure, volume, temperature, and densitif 
of air. — Callinjf — 



do, Vo, Po, ( 
d, V, P, \ 

d', y, P', ( 



The density, the volume, and the ( 32 decrees, 
pi-essure eorrespooding to the i (f — 33) degrees, 
temperatures, ( (* —32) (' 



the follovriog relations result from the combinatioo of Mariotte's and Gay- 
Lussat^s laws : 

y y, [1+0.002036 (f-32)] P ' 

"^ [l+U.U(Ri«3)i {C— 32)J P 

[ l+0.00203C{t^-32)]P 

"-'* [l+«.l)0203« (*-32)J P' 

If we suppose that f =0 and P= P'= one atmosphere, d'= O.OSl 
ponnds, the last formula becomes — 

, 0.081 



1+0.002036 (t-32) 
nhicb has been found before. 

35. Principle of Archimedes, its effects. — Air, like all flnids, follows that 
elementary principle of physics, according to which a body plunged into 
a duid loses a part of its weight equal to that of the displaced fluid. 

Thus, at the temperature of 32° and ander the pressure of 30 inches, 
every cubic foot of air in the atmosphere weights 0.0u0081 pounds; and 
as it occupies exactly the same space as every other volume of air of 
the aame weight, it remains wherever it is placed, unless disturbed by an 
external force. 

If, on thecontrary, the temperature of this cnbic foot of air be reduced, 
for example, in consequence of its contact with some cold body, as a 
window-pane or a wall, it contracts, ita volume is reduced, ita density 
increases, it becomes heavier than the volume of air which it diaplacee 
in the mass, which is assumed to remain at about the same temperature. 
Then the excess of its weight over that of a similar volume tends to 
oiake it descend. 

Thus, iu a place where the general temperature is 68°, if a portion 
wbich waa at first at that temperature, with a density of 0.0000756 pound 
to the cubic foot, becomes cooled by coutact with a cooler body, sach ns a 
window-pane or the walls, at a temperature of 32<>, its deubity will 
become equal to 0.000081, and each cubic foot will tend to fall with a 
force equal to the excess of its new weight over that of a cnbic foot of 
the surrounding air, orO.OOOOSl— 0.000070=0.000005 pound. This effect 
is constantly produced iu winter, when the anrfacea of windows and 
walla are colder than the air of the warmed apartments. 

On the contrary, if the temperature of a partoftheair be raised above 
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the mean temperatare of the Borroaadiug air, tliat air expandii, its 
decHity diminisbeB, and each cabic foot, no longer weigtiing as macb as 
the same Tolaine of the rest of the air, is pressed upward b; a force 
eqaal to the diflterence of denaties. 

Thus, in summer, the air iu contact with the window-panes becoming 
warmed, and, in winter, the same effect being produced by stoves, lights, 
and even by the people in the room, the air, becoming less dense, rises 
toward the ceiling. 

If, for example, the mean general temperature of any place is 61°, the 
density of the sir is 0.000077 ponnd, and if owing to the action of the 
sue the air in contact with the windows becomes raised to 79°, its den- 
sity becomes 0.000074, and each cubic foot of tbat air is forced npward 
by a force equal to 0.000077-0.000074=0.000003 pounds. 

36. Frequency of the preceding effects. — The effects which we have jnst 
mentioned freqnently manifest themselves in a very unpleasant way 
in winter, when a person is seated by a window, in a room where the 
general temperature is high, and still more sensibly in large halls, 
lighted by skjiights. In Che latter case, it is often necessary, to avoid 
these difficulties, while retaining the lights, to heat the space between 
the roof and the ceiling to" 86° or 104o by means of stoves, examples of 
which will be given further on. 

On the contrary, glazed ceilings, recentiy introduced into some 
theaters and {)alaces to admit the ligbt irom a large number of gas jets, 
also beat the room to a very unpleasant degree. 

. A similar effect is produced in summer in railroad-stations, courts, 
workshops, and in large buildings covered with glass roo& in which 
sufficient ventilation has not been provided. The temperature in such 
places often rises to 104°, 110°, and more. 

37. Unstable equilibrium of air. — Cooling and warming effects similar 
to those just mentioned are constantly taking place in dwellings, the 
air is never at rest, and the slightest variation in temperature and press- 
ure producer almost endless motion. Tbe air, then, is always in uusta- 
ble equilibrium. 

38. General principles of ventilation, — Change of air in occupied 
places is only rendered necessary by the alteration produced iu it by 
respiration, bodily exhalations, tbe beat given out by the occupants, by 
tbe lights, or by these different causes combined. The many observa- 
tions which I have made, and a comparison of experiments made by 
different engineers and by myself, have led me to tbe following conclu- 
sionx, which I regard as pro|>er to serve as fundamental principles in 
tbe formation of plans tor tbe ventilation of occupied buildings, and 
especially of hospitals: 

1. Ventilation is designed for the removal of foul air and the substi- 
tution of fre»h air. 

2. Tbe principal object of ventilation is the immediate withdrawal of 
foul air. it should, in general, act as near as possible to Uie points 
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where the air is contatDiDated by itijurioua eslialations, in order to pre- 
vent them from affectiDg the air of the rooms. Inversely, fresb air 
should be introduced at poiDts removed from the occnpants. 

3. The different plans which act bj means of a draught, when they 
are properly proportioned and well made, fulfill better and more surely 
the foregoing conditions than those which act esclasively by forcing in 
fresh air. The latter do not, of themselves alone, secure the removal 
of foul air nnifonnly and constantly under all circumstances and iu all 



4. The introduction of fresh air taken at the desired height and in 
sufficient quantity may be obtained in most cases by tbe action of 
draught alone, and without tbe belp of blowing-apparatus, by tnakiug 
the air-shafts and their openings sufficiently large, and having them 
properly arranged. 

6. Tbe draught may be produced, first, by the flre-placee or stoves 
with tbeir chimneys, which are used for general heating or by similar 
apparatus; secondly, by tbe sameweans, aided, if necessary, by ansiliary 
fires at the bottom of. ventilating-sbafts, 50 to 65 feet high iu large 
establishments, wheu these are needed. The air to be removed should 
dow toward tbe base of these shafts; in most cases it should be carried 
thetQ through one or more channels which branch out and terminate in 
openings close to tbe sources of infection. 

6. Ventilation, by means of draughts produced by grates and cliim- 
neys, is easily adapted in most cases to all the modifications rendered 
necessary by tbe size and arrangement of rooms. It approaches, as 
closely as conld be desired, the usual and natural aeration of rooms and 
apartments: it allows the amount and temperature of tbe air-cnrreots 
to be varied as needed. It only requires cbeap fire-places and their 
chimneys and pipes or cbanuels, wliicb, once made, cost little to keep iu 
order. It needs no otber attention than the regular supply of fuel bi 
the fires, to wbich account all the attendance may be charged. 

Ventilation by blowing or by mechanical apparatus requires, besides 
cbimueys and ventilating-fiues, common to both systems, blowing- 
engines and steam-engines, with special ubannels for tbe introduction of 
tbe air-blast. It requires the attention of special laborers, mechanics, 
and firemen, besides involving expense for repairs. 

7. For hospitals or for buildings having several floors, the blowing- 
system does not give the same guarantees as tbe other system against 
carrying foul air ftom one room to another, nor against the return of 
foul air through the air-sbafts or through cracks in their sides, when an 
accidental circumstance, as tbe opening of doors or windows, disturbs 
tbe usual pressure and motion of tbe air in tbe rooms. 

8. Draught maiutaiued by simple fire-places aud chimneys, with open- 
ings of sufficient size suitably placed for the admission of fresh air, 
carries off the foul air without the help of any mechanical apparatus, 
and becomes, except under exceptional circumstances, the readiest 
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metbod of secariug henltbfnl vetitilatioii as strong aa desirable in occu- 
pied buildioge, and especially in the wards of large hospitals, or in those 
of soiall hospitals capable of being warmed by an open grate. 

9. As regards those establish meuts where it would be necessary, un- 
der special conditions, to employ niecfaanical methods of forcing in air, 
it wonid always be well to aid their action by a strong draught, partSc- 
nlarly affecting chose places fkim which exhalations are supposed to 
arise. 

The latter case seldom occurs in establishments where rentilatiou 
must be continually mainbiined ; the amount of air removed and intro- 
duced remaining almost always constant. -When, on the contrary, this 
work must be frequently changed fVom one place to another in the same 
building, and when the amount of air to be changed differs very greatly 
from one day or hour to another, as is the case, for example, in Saint 
George's Hall, Liverpool, where these amounts vary from 1 to 50, it 
may become necessary, or at least advantageous, to assist the action of 
the draught produced by heat, by that of a mechanical apparatus to 
produce a sufficient motion in the air-supply pipes. 

These conclusions, based upon the discussion of a large number of 
experiments made by several observers, have been accepted by the 
hospital consulting committee of hygiene and medical practice, ap- 
pointed by the secretary of the interior, under an imperial decree of 
Angnat 29, 1862. They apply to ventilation of all occupied places, and 
they serve as foundations for the special rules which we shall present. 

39. Influence of reasons. — It is important not to forget that, in the 
winter, ventilation may be secured directly and at the same time as 
warmth. It is this, in particnlar, which renders warming by means of 
fire-places in wiuter so healthful. But it is proper to repeat that tbis 
natural ventilation, dne to differences of temperature, which are usually 
quite small, is essentially inconstant, and, therefore, liable to act alter- 
nately in the reverse direction, which would often cause great trouble. 

The simple difference of internal and external temperature, and, con- 
sequently, of the densities of the external and internal air, are then 
capable of producing sufficient velocity iu the receiving and discharging 
channels to maintain the renewal of air in a proper manner. Thus is 
obtained what is called natural ventilation. 

40. Amount of air to be changed every hour to preserve the healthful con- 
dition of the room : 

Cubic feet 

Hospitals : 

For onlinnry cases of sicliuess 2,119-2,472 

For surgical and lyiug-in cases 3, 532 

During epidemics 3, 709 

Prisons 1,706 

Workshops : 

Ordinary occupations 2, 119 

Dnhenlthful occupations 3, 532 
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Bfuracka: 

DnriDg the day 1, 059 

At night 1, 413-1, 7B6 

Theaters 1,413-1,706 

Assembly-rooms and halls for long receptions 2, 119 

Halls for brief receptions; lecture-rootns 1,059 

Primary schools 42-4, 530 

Adult Bchoois 883-1, 059 

Stables G, 357-7, 063 

These smonnts, mnch larger than those deemed neceasarya few yeara 
ago, are not at all exceseiTe, and are for the most part based on direct 
observations.* 

In maunfactories and other bnildings, where the nnmber of persons Is 
not very large, but where other caoses may affect the air, the amouat 
to be withdrawn should be determined by the condition that the air in 
each of these places shonld be completely changed a certain number of 
times an hour. Thas, for dwelliug-rooms, this change shoald take place 
about four or five times an hour. 

We will specify farther on the proportions to be adopted in some 
other particular cases. 

41. Proper temperature. — In well -Yen tilated places, with a constant 
change of air, higher temperatures can be easily boruc, and even be 
fouud pleasant, than those which would be found oppressive where the 
air is not changed. Nevertheless, the interuat temperature shonld not 
bo kept above the following points : 

Kurseries, asylums, and schools 59° 

Workshops, barracks, prisons 59° 

Hospitals 610-64° 

Theaters, assembly-rooms, lecture-balls 660-68" 

The fresh air introduced shonld generally have about the tempera- 
ture it is desired to maintain in the room as soon as this is sufficiently 
warmed. 

If, however, the room has large glass siu-faces which cool the air, if 
there are not many occupauts or lights, the fresh air should be warmer, 
and its temperature may be as much as 80° or 95o. 

If, on the other hand, thero are many lights burning and large gath- 
erings, the temperature of the fresh air shoald be a little less than that 
of the room itself. Trial will readily determine the proper temperature 
iu each case. 

42. Means of regulating the temperature of tJte fresh air. — Daring the 
period of artificial heating, it is proper to reserve means of mixing with 
the warm air supplied by the heating-apparatus cool air, the amount of 
which may be regulated by convenient registers. For this purpose the 
warm air supplied by the heating-apparatus should be received in a 

* Blades aar la ventilation, 1 er vol. 
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special recMver or mixiDg-chamber, into wbich tbe cold air also enters 
before passing into tbe distribating-pipes. 

43. General rules, theoretical and praeticaL—ThwTy and experitnent 
agree in abowing that, calling — 

A the sectional area of a chimney or air-shaft; 

H its height; 

T' the temperature of the external air; 

T the mean teniperaCare in the shaft; 

y tbe mean velocity of tbe air in the ahaft ; 

K a Qumcricat coefficient, constant for each sbalt, and depending 

upon its size and position; and 
Q tbe volume of air passing through in a second, 

we have the equations — 

T = K%/(T-T')H 

and 

Q = KAy(T-TOH 

44. Conaequeneea of thete formulae. — It follows from these formulas 
that the velocity, V, of the air or smoke in a chimney is proportional — 

1. To the square root of the excess of tbe temperatnre of the gases 
in the chimney over the temperature of the external air; 

2. To the square root of the height of the chimney, and that the 
volume of air or smoke discharged in a second is proportional to tbe 
same qnantit; and also to the sectional area of the dae. 

It follows then — 

1. That the velocity, V, and, consequently, the volame, Q, of the gases 
given off by tbe chimney are increased, or tbe draught rendered 
stronger by increasing the height of the chimney. 

2. That the volume of gases or air removed are increased by giving 
a greater sectional area to tbe chimney. 

3. That having given the height, sectional area, and general arrange- 
ment of a chimney, or any shaft whatever for air or gas, tbe volume of 
air which it will remove will always be the same if tbe temperature 
within the shaft always exceeds that of tbe external air by the same 
namber of degrees. ' 

The latter consequence, perfectly confirmed by observation, renders It 
necessary to proportion the beating-apparatus, which produces tbe cur- 
rent for tbe case, when the temperature of the external air is greatest, 
and consequently for tbe summer-season. 

45. Difference of temperature vavally auffieient. — Observations made in 
mines where the circulation of air is tbe most extended and complicated, 
as well as of ventilating arraugements of tbe largest hospitals and 
amphitheaters, show that a difference of 36° to 451^ between thetemper- 
atnre in chimneys and that of the external air is usually sufficient to 
produce, tbrougbontjihe air-passages, the velocities which will be men- 
tioned further on. 
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In theaters, in consequence of the great number of passages, the 
difference sboald he 65° to "2° to secnre the necessary discharge. 

46. Insufficiency of natural ventilation. — It also follows from what 
precedes that in proportioa aa the diflerence of temperatures becomes 
less the velocity of the circulation of air diminishes, which explains 
why, if in winter the natural ventilation produced simply by the exoess 
of the temperature of occupied places — usually kept at about 00° — over 
the estenial temperature is sufBcieot in most cases to secnre a proper 
change of air when well-proportioned ventilatiug-flaes have been put 
up, it is no longer so in spring and still less in summer. In these 
seasons, natural ventilation becomes inelQcieDt, and, as besides it is not 
always possible to keep the windows open, it becomes necessary to have 
recoarse to artificial ventilation whenever it is deemed necessary to 
obtain a regular chauge of air. 

47. Accidental reversal of the motion of the air. — When the shafts are 
not kept at n sufSciently high temperatnre, it often happens that the 
motion of the air becomes reversed, and the flues introduce the external 
cold air instead of causing tlie discbarge of the foul air. This effect is 
frequently produced in arrangements where, by the iatrodnction and 
discharge of air, natural ventilation cannot be counted upon, notwitb> 
standing the difference of height in the entry and discharge shafts. 
This is frequently observed in reception-halls, where, several rooms 
being throwuintoone, the chimneys of some, being heated more or less, 
serve as discharge-flues, while others bring in cold air. The same effects 
are also produced in places which are only ventilated a part of the day, 
sacb as lecture-rooms, theaters, &c. It then often happens that the 
motion of the air is periodically reversed. The cold air enters by the 
discharge- flue, and the warmer air of the places which have been occu-, 
pied escapes through the openings for the admission of air. This 
reversal, which produces a useless cooling cfi'ect, may be prevented by 
placing in the air-pipes and channelf doors or registers, which may be 
shnt when the ventilation is to be discontinued. 

Finally, it is also necessary to close the communication with the pinces 
to be ventilated when starting the fire, mentioned further on, placed at 
the bottom of the veDtilating-shaft for producing draught, so as to avoid 
a down-dranght, as iu the preceding case, filling the room with smoke. 
A special air-supply should be reserved for this fire. 

48. Insufficitmcy of icindowopenings. — It is generally believed that 
opening the windows of a large room will produce a complete change of 
air, and many physicians think that in hospitals the opening of a cer- 
tain numbers of windows placed on opposite sides, will have that effect. 
This is not as true as supposed; and in summer, when the air is still and 
there is no wind, it often happens that the complete opening of five or 
six wiudows, on opposite sides of a large reception-room, coach-house, 
railroad-station, or riding-school, produces but a very imperfect change 
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of air, aud does not at all prevent an excessive iacrease of temperature. 
" Examplea of tbis kind are very numerous. 

49. Position of openings for the. admission and dtscltarge of air. — None of 
these openings should be placed at the level of the floors as builders 
Dsnally, but improperly place tbem, because the sweepings fall in them, 
and 8O0U choke the eorresiHindiiig flues. 

Openings arranged to admit warm or cold air should be placed near 
the ceiling, or at such a distance from the occupants of the roonv that 
they may not perceive any current of air. 

Wheu, on the contrary, the openings are placed near the floor the 
warm air in winter ascends rapidly to the ceiling, while in summer the 
fresh air, which is heavier, remains at the lower part. In both these 
cases it ia unpleasant to stay near these openings. In public halls and 
lecture-roomsespeciallyithe admission ofairundertheseats and between 
the &et of the audience is improper. In the Palace of Luxembourg and 
the Chamber of Deputies this mode of iutroduciug air has had to be 
given up entirely. 

Discharge- openings, on tbo contrary, should, ia general, be arranged 
near the floor, and also in the vertical walls. Some special cases, in 
which this latter rule must be violate*), will be meutioned further on. 

50. Proper velocities of the air in the discharge openings. — These veloci- 
ties should increase from the first openings in the room to the chimney, 
which it is well to make common to all the ventilating-flues of the same 
house. They should be governed as far as possible by the following : 

Fiist veDtilating-openings,velocity inone second. I ft. 4 in. to 2 ft. 4 in.. 

First collecting-passages 3 3 3 11 

Second collecting- passages 4 3 4 7 

General discharge-chimney 5 6 6 6 

These velocities are easily obtained in most cases by means of an 
excess of 36^^ to 45" in the chimney over that of the external air. 

51. Sectional area to be given to openings and Jiues. — The total volume of 
air to be discharged in a second, being calculated in advance according 
to the number of occupants and the conditions of change of air, divldiug 
this volume by the proper velocity for each passage will give in square 
feet the free sectional area. By free sectional area is meant the actual 
passage-way, the gratings which often obstruct it being deducted. 

EsAMFLE. — Take the case of a hospital-ward of twelve beds, to each 
of which is allowed 2,825 cubic feet of air an hour, making iu all 33,900 
cubic feet an hour, or 9.42 cubic feet a second, the mean velocity in 
thechannelsheing2.3feeta8econd,tbeir total section would be ~'^ =4.1 

square feet. If it be necessary to have one to each bed, the pipe behind 

4.1 
each bed should have ft section equal to ,^=0.34 square feet, and its 

dimensions should be 7 by 7 inches. The collecting-pipes, -which receive 
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tbe fonl air trom the six beds on each side, should discharge 4.715 cabic 
feet ill a secoud, at the velocity of 3| feet a second. Their greatest sec- 
tioiial area should be 1.437 square feet, and their dimensions 1 foot by 
I foot 5 inches ; but tbey should be made smaller at first, and propor- 
tioned at every point to the amount of air to be removed. The sizes of 
the other air-passages should be determined in the same way. If there 
are three stories to each wing, or thirty-six bed« in all, the amount of 
air to be removed will be 101.710 cubic feet an honr, or 28 feet a second. 
The velocity in the chimney being given at about 7 feet, the area should 
be 4.3 square feet, and the dimensions 2 feet 1 inch by 2 feet 1 inch. 

52, Proper velocities for the air infre»h-air opentnt^s,— When the open- 
ings are placed in the celling of tbe places ventilated, and when the air 
descends vertically, the velocity of the fresh air sfaoald not exceed IJ 
feet a second. 

When the air is distribnted laterally, and almost parallel with the ceil- 
ing, or at 16 to 20 feet above the heads of the occupants, the velocity 
of tbe entering air may be 3^ feet without inconvenience. Such enter- 
ing velocities are usually easily produced by the simple effect of the 
draught, which causes the removal of the air. Thus, in the large 
lectare-liall of the Conservatory of Arts and Trades, which often con- 
tains 750 auditors, to each of whom is allowed 1,059 cubic feet of air an 
hour, which requires a change of 704,610 cubic feet an hour, or 227 
cubic feet a second, the total free section of fresb-air openings is nbonn 
129 sqnare feet, and the admission of this large volume of air is scarcely 
perceptible. 

63. Proper area of fresh-air openings. — Although in every case a part 
of the air carried off will be naturally replaced by that which enters 
through the joints of the doors and windows, it will be well to calculate 
the free area of the openings for the admission of fresh air by dividing 
the total amount to be introduced in one second by the fixed velocity 
of entrance. Thus, the currents of air from tbe doors and windows will 
be diminished. 

54. Means of overcoming the ejects of currents of air produced by the 
draught. — ^Tbe system of ventilation by direct draught is rightly charged 
with producing currents of air, often very unpleasant, when the oat- 
side doors are open ; but the effect of these currents may be rendered 
less unpleasant by following the preceding rules, and, besides, they 
umy be rendered almost entirely imperceptible by taking care to warm 
the entrances to ventilated buildings, such as corridors, vestibules, 
waiting-rooms, &c., so that the opeoing of doors will only cause the 
admission of warm air at a temperature at least equal to that of the 
places to be ventilated. Wo will specify in each case the particular 
arrangements to be adopted for this purpose, 

fTo be oontiaoed in the next volume.] 
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ADDITIONS TO A MEMOIR ON METHODS OF INTERPOLATION AP- 
PLICABLE TO THE GRADUATION OF IRREGULAR SERIES. 



By E. L. De Forest, H. A. 



The memoir referred to may be foand At page 275 of the appendix to 
the Smithsonian Report of 1871. Its cooteots Deed Dot tie repeated 
here, and the reader will be presumed to have that report before hioi. 
The formnlas aod tables we shall now ctbtain will be numbered coDseca- 
lively with the previons oaes. 

INTERPOLATION BY UEAHS OP AN AliG-EBOAIG FUNCTION. — FIBST 
METHOD. 

The qnestion was left nnsettled whether it is beat to assome groups 
of equiU oxteot, as io the case of foramlas A, B, G, &c., (pp. 279 to 285,) 
or to make them of uoequat extent and in accordance with Tchebicheff's 
Bj'stem of arrangement, aa in forninlas (40;, (41), and (42). Some further 
investigation has made it seem probable that the latter syst«m, thoogb 
not alwaya the best, is the most likely to give uniformly good results. It 
agrees better with Oaucby's method of interpolation, aed compares very 
favorably with that method, so far as can be judged from a few trials 
which have been made. Hence it is desirable to extend the series of 
formulas (40), (41), &c., so as to include the cases of sis, seveu, eight, mid 
nine assumed groups. This has been done, and the unmerical co-efB- 
cients iuvolved have been carried out to oa many as nine significant 
figures — a larger nnmber than is required in ordinary practice; but it 
was thought best to compute them, once for all, with as great accuracy 
as can ever be needed for any purpose. The labor of computation need 
never be undertaken agaiu, for their accuracy can be easily tested, as 
follows. Take, for instance, formula (42), and suppose that the terms of 
the given scries are each equal to uuity; then in the equation of this 
series we ought to hare A = 1, while all the other constants, B, 0, &c., 
should be zero. The sums S|, Sj, Sg, &c., are equal to n„ ng. nj, &c., 
respectively, so that we have — 

A = 3.777709 x .3090170 + J x .0934915 - .4111456 x ^ = 1.0000001 

This differs from nuity by only an unit of the seventh decimal place, 

which is OS close an approach te exactness aa can be attained without 

carrying out the decimals farther than is done in formula (42). So, too, 

iu the cases of the constants and E, we have — 

C=^,(55.33375x3-71.73251x.309O170-^X.O954915)=^,(-.O00O004) 

E=^(.3090170+2x.0954915-i)=0 
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The expressions for the alternate coDstaots B and D cannot be pnt to 
the same test, becanse {Sj— Sj) and (Sj— 8i) are ueceasarily zero; so we 
vill make another sappositioo, namely, that the given series consists o' 
the natnral numbers, the middle term being 0, and the succesBive terms 
on the right being I, 2, 3, &c., while those on the left are —1, —2, —3, 
&C. Here we ought to have, in the equation of the series, B = 1, and 
all the other coDstants equal to 0. The sums of the terms in the several 
groups are — 

83 = 

Hence we have — 

B =- ^j { 13.088544 fi, {mj +.«») - ^ mj (2 n, + 113+ n,) } 

D = ^, { ?H n, (2 n, + «3 + n,) - 63.28668 n, (w, + n,) } , 

and substituting the valaes of nj, n4, and tij, we find — - 

3 = 1.00000007 D = 5jj{— .0000003) 

which are very nearly nnity and zero, as they onght to be. 

The accuracy of each of the following formulas can be tested \u a 
similar way. The flve-groop formula (42), when the decimals are car- 
ried ont a little further, becomes — 

Formula (79). 
n, = n, = J N /i _ cosg^ = .0054915028 N 
«j = 7I4 = J N ^ cos g — COS -^J = 4 N 
Ma = N cos ^^= .3090109944 N 

A = i { 3.777708764 83 + J (S, + S,) - .411145018 (Sj + 0.) [ 
B = JlJ 13.08334382 (84 - 8,) - ^ {3, - S,) J 
C = J, { 55.3337474 (Sj + S,) - 71.7325052 S3 - ^ (Si + Sj) j 



The six-group fommla can be expressed without decimals : 
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Formvia (80). 
., = ., = jn(^1 -COS j) = JN (2 -V3) 
«, = ii, = jH^cosj-co80 = iN(,/3-l) 
«, = «.= JScobJ=}N 

A = i{(15_4v'3)(8, + S,) + 3(S, + S.)-(4,/3-3)(S,+ S.)} 
B = jii-,jl9(S.-S,) + 3(8,-S,)-6(S.-S,)j 
C = " { (5 -/i- 4) (8, + 8,1 - 4 (S, + S.) - (11 - 5 ,/3) (S, + S.) } 
D = 1^ { 3 (S. - S.) - 4 (S. - S.j - 3 (S, - SJ } 
E = p^{(S, + S.) + (2-V3)(Sj+S,)-(v'3-l)(S, + S,)} 
F = ?g^ j (S. - S.) + (S. - 8,) - (S, - S.) j 

When seveQ groups are assumd, we get the followlDg: 
Formula (81). 

«, = «, = J N^l -cos 5^ = .0495155660 N 

m = «, = J N^cos^- COS ^')=. 1387395330 If 

», = », = J N ^cos ?,- -COS %f^ = «04844340 N 

n, = N cos -,- = .2225209340 N 

A = ^ { 5.244333412 S. + .209118318 (S, + S,) - .626857833 (Sj + S,) 

-♦(S, + S,)J 
B = ,", { 24.6748183 (Sj-S,) + ^(S,-S,)- 16.4349644 (8, - S,) [ 
j 138.5583290 (Sj + S,) + ??? (8, + S,) - 104.1045503 S* 

- 59.2465387 (St + S,) J 
D = ij { 392.527327 (8, - S,) - ?^ (S, - S,) - 286.617454 (Sj - 8,) J 
E = ij J 1685.91223 S, + 1189.67603 (3, + S,) - 1533.03214 (Sj + S,) 

-?^(S, + 8,)) 

"•= .„„.,GoogIe 
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F = ^ j !????(8, - S,) + 781 .239310 (S, - S.) - 1407.744414 (S, - 8,)j 
G=^{(S. + S,) + (S, + S,)-S.-(S, + S.)j 
The eight-group formala cao be expressed without decimals : 
n, = n, = j N A - cos = J N (2 - VT+Va) 
ii, = n, = JN^cos J -COS j) =J N (VJ+VJ- i/2) 
7ia = M6=JN/c08^ -COS -^J = J N ( i/2 - ^/2 — V2) 
»* = Is = J N COS ^ = J N V2-,/2 
A= ^ [|4v'3 + 72-(l+2v'2)|(S,+S,i + |2,/"3(2;r75)_l|(S,+S,| 

-|lJ-2,/3-2V2(2-,/2))(S, + S.)-(S,+S,) ] 
B = y,Ju(S,-S,)+(7-4y2)(S,-S,)-(4,/2-3)(S,-a,)-(S,-8,)j 
0=^[|6+9V2- 1/2^:72(4+7^2)1(8, +S,)+6(S,+S,) 

-|i/2^:72(4+7i/2)-5)(S,+S,)-|,«F72(0+4v'2) 

-(6+9V2)i(S,+S,)] 
D =^, { 3(1+2 V7) (S.-8,)+5(S,-S,)-17 (8,-8.) 

-3(5-2V2)(S,-S,)[ 
E = ^[j .'2=72(0+7 V2)-6!(S,+S,)+2| v'3+72(l+3v'3) 

-(3+472)l(S.+S,)-6(S,+S,)-|2(3+4,/2) 

_ V2=72(6+772)|(8,+S,) ] 
F = ^{ 6(S,-S.)+(6- V2) (S,-S,)-(3+ V2J(S.-S,)-3(a,-S,) | 
G = ^[(S,+S,)+(l+ V2- V2+7J) (S,+S,)-( ,/2+72-l)(3.+*' 

-|V2(3+V3)-(1+ 1/3)1 (S,+S.)] 
H = ^ { (S,-S,)+(S,-S,)-(8,-S.)-(S,-S,) } 

This is so complicated that, for practical purposes, we will emplof 
deeiiiials, as follows: 
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Formula (83). 
I»i = ft8 = JS ^1 - cos g") = .0380002337 N 
», = », = JN ("uos i - COS j) =.1083803757 N 
it, = «,=}N/'cos I-cos ^") =.1622110744 If 
11, = n, = JS cos ^ =.1013417162 N 
A = M 3.56260914(8,+ Sj) +1.16478440(8,+ S,)- 1.06364272(83+ Se) 

-(S,+ 8,)J 
B = ™ { 44 (Ss - 8,) + 5.37258300 (8, - 3,) - 10.62741700 (Se - Si) 

- 4 (8, - a,) } 

C = j|, j 170.1530208 (S, + 8,) + 120 (8, + 8.) — 136.3171087 (S, + 8,) 

-91.4672651 (8, + Sj)( 
D = jj, j 735.058008 (8,- 8,) + 320 (8,- S,) - 1088 (8s- S.) 

-416.941992(8,-8,)! 
E = ' j 1974.062909 (8, + 8,) + 059.380867 (8, + 8s) - 1920 (8, + 8,) 

-1646.323811 (8, + S,) ! 
F = i, j 7630 (8, - 8,) + 5507.70797 (S, - S,) - 6780.23203 IS, - .S,) 

-4008(8,-8,) I 
G = 4 j 7108 (8, + 8,) + 4060.34584 (8, + 8,) - 6076.73698 (8, + 8,) 

- 1425.80385 (3,+ Ss) } 

H=l^{ (S,-8,) + (S,-S,)-(S,-S,)-(8,-S,)j 

Lastly, the nine-grou[> formula is — 

Formvla (83). 
», - n, = jN (l - COS J^ = .0301536890 N 

n, = n, = JN ( COS g — COS .j|^j = . 0868240888 N 
». = n, = JN(oOB ?;-cos j)=.1330222216N 
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= .1C31750112N 
Mj = N cos ^= .1730481777 N 
A = ^J C.718900297 Ss + .238136413 (8j + 87} + q (S, + S») 

-.650752476 {S, + So) — .140549851 {«, + Sa) \ 
B = ^, j 40.114C355(S6-S4)+19.0343419(S8-a,)-25.0631423(S:-Ss) 

C = ^^ I 283.1600672 {9, + So) + 67.0038653 {Si + Sa) — 409.S722605 -S 

_ 111.5059994 (S, + S,) - ™ (S, + S.) } 
D = ^, { 1053.695090 (S, - S,) +5^ (S, - 8,) - 923.898793 (S, - S.) 

-823.038243(8,-8,)} 
E = ^5 1 6330.21204 Ss + 3859.01970 (Sj+ 8,) +'?^ (8, + S.) 

— 5527.64697 (S, + 8.) - 2594.89398 (S, + So) J 
f = ^, { 9606.23187 (S, - S,) + 6158.73506 (8,- 8.) -?^'.- (8, - S,) 

-8494.59768(8,-8,;! 
G = i j 33S66.1397 (8, + 8,) + 25281.7661 (8, + 8,) - 35452.467SS, 



- 10115.7395 (8fl- 80 J 



We bave now the loeans of representing any given series by an eqna- 
tioii of a degree not liigber tbaii tbe eigbtb, assuming groups of eittier 
equal or uuequal extent. In coustnictlug the graduated scries fhiiu 
such an equation, it will be most convenient to proceed as staled ou 
page 330 of the previous memoir. Tbe worli of finding tbe values of 
CV, D'x', &c., will be mncb facilitated by using the accompaiiyiiip 
table, wbich shows at once tbe seven-figure logarithms of tbe lowers of 
all tbe values of x which can be required in constructing a series of noC 
moi-e than one bundi-ed terms. Increased accur.ic}', too, will be attained 
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by URiiig this table, for cpr« bas been taken to make the seventb decimal 
figure ftlwajs correct to its nearest value. Tbis would not be the case 
if the logarithm were taken io the usual way from a aeven-flgore table, 
and multiplied by the index of the power re*iuired, for then the last 
figure might be iu error by an amount not exceeding hiilf the number 
of units in the index. For instance, an ordinary table gives 

log (1.5)'= 8 X .1700013 = 1.4087304 
whereas the true value is l.'10.'i7301. 
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Before leaving the Bubject of interpolation by the " first method," it 
may be well to notice that tbe formulas (A), (B), &o., which require that 
the assumed groups should be of equal exteut, cau be used for the pur- 
pose of ordinary interpolatiou from single terms which are equidistant, 
and thus may talfe the pla{;e of the ordinary formula for interpolation 
by finite differeuees. We huvo only to regard the siugle terms as being 
represented by S,, Si, &c., respectively, and to take Jh and n both eqnal 
to nuity. Suppose, for instance, thnt from tbe three equidistant termft— 



13 



21 



35 



we wish to interpolate tbe value midway between tbe two laaL TUo 
ordinary formula is — 

and we have — 

a = 13, ^i=S, Jt=6 

so that tbe equation of the series becomes — 

M = 13 + &r+3j;{a7— 1) 
and for X = § we get H = 27^, the value sought. 
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UTow, to do tbd aame thiag b; formula (A), we take — 

S, = 13, Si = 21, 83=35, n, = N=l, S = u 
and BO get — 

wbich is the same as the otber equutioD, except that x is reckoned fh)ni 
the middle of tbe series. To obtaia the interpolated term sought, we 
take a; = J, and it gives u = 27^, aa before. 

This mode of procednre will sometimes be preferable to tbe ordinary 
oue, becaase the equation it gives will be arranged according to tbe 
jMiwers of X instead of according to the successive orders of differences 
of tbe series. 

SECOND METHOD OF INTERPOLATION WITH AN ALGBBAAIC PUKCTION. 

This method, which gives an adjusted or mean value fiT tbe middle 
one of a group of any odd number of terms, bj nssigning certain "local 
weights" to the several terms of the group, was at first regarded by tbe 
writer as chiefly useful in making a rough adjustment of a given series, 
prepamtory to the application of the first or third method. It appears 
now, however, that very little can be gaiued by such preparatory adjust- 
ment ; the errors obviated by it being probably smaller than other errors, 
which iire almost necessarily incuirejl by employing the first and third 
methods when the true law of the series is unknown. But the second 
method, in its improved forms, ia quite worthy to hold a place of its own 
as au independent system of ndjustmont. In the previous memoir, (pp. 
334 and 335,) some doubt was expressed as to which system of local 
weights is the best one; but it now seems clear, from the following consid- 
enit'-oos, that tbe preference should be giveu to formulae (69), (71), &c., 
which render the probable value of the fourth differences of the adjusted 
series a minimum. On the assumption that the adjusted series ought 
to be continuous, BO that any five coDsecutive terms in it can be regarded 
OS agreeing very nearly with a curve of a degree not higher than the 
third, it is easily shown that a minimum value of the probable fourth 
difference implies a minimum of probable error in tbe corresponding 
term of the series.^ Let U|, Uj, &c., be any consecutive terms in a series 
of the third or any lower order; then we have — 

Jt = 6«3 — 4 (lij + «,} + (Ml + Ms) = 
Bnt if each term is subject to a small error of accidental nature, whose 
probable value is i, thon tbe probable value of J(, taken without regard 
to sign, becomes — 



(J4) = E v/U» + li (4' + 1) = t v"?" = 8-3666 c 
nod consequently — 

e = . 11952 (J,). (84) 

Wo thus see that the probable error of a term bears a fixed ratio to the 
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probable valne of the correspoudtng fourth difTerence, bo tb»t if the 
latter is a minimuiii, the former will be a minimum also. 

In connection with the least-square formulas, given at top of page 327 
of the previous memoir, it was stated that those formulas render the 
probable error of the adjust^ term a minimum, and this property was 
also claimed for them by Schiaporelli, who hod obtained them earlier, 
in a different way, as mentioned on page 335. But tbeee conclusions 
were reached by estimating the probable error cn of the adjusted aeries 
in a manner which was really defective, siuce it did not take any account 
of the condition of continuity which that series ought to fulfill. We 
shall see hereafter bow the probable eiTor may be estimated od the 
other, and, as it seems, the more correct principle. 

The formulas (CO), {71), &c., being definitely fixed upon aa the best, it 
became desirable to extend them so iis to include as many terms as 
possible, and they have been computed accordingly, for 17, 19, and 21 
terms, as follows : 

Vs = ioTlSaS ! ^^^^ W9+308308 (Ka+M,o)+ 238238 («,+Mi,) '. 

+ 14523C{«o+«u)+56056{«s+a|j}-6664{w,+«„) ( (85) 

-32844 («3+w,s)-28424(k,+w,b)-11305 (Ki+k,,) J j 

*" = 42010995 i 7627477 1<„+7135128 («,+«„■) +67837 78 («,+««) \ 
+3913728 («,+w,3)+1979208 (»e+«,0+ 411264 (Ws+«is) ( 
-515508 («, + !(„) -767448 {«3+i<„)- 549423 («, + »(„) ( '^* 



«i, = ^jjg^;7g5J12730727M„+12046320rtt„+«„)+10116820(i<,+«,3)l 

+ 7360320 (Wfl+«„)+ 4351320 (!(,+«„) +1074432 (Mb+Wic)' 
-222870 {Us+«,7) -1149120 («,+«,b)- 1213245 (tt,+w, 
-7C9120 {«,+«„) -259!>78 {«i+H„) 

The work of computation need never be re|>eated, for the accuracy of 
the forranlas can be readily tented by the condition that the weights of 
any one of them, taken together with the eight nearest zero weights, 
constitute a series of the tenth order. For practical use, it will be most 
convenient to put the weights in decimal form, and to retain only three 
places of decimals. These are given, for the whole series of formulas, 
in Table III. 
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Taru: in.' 
Local treiglili of adjiutBieiil-/ormula». 
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■ For wme ndiUUon* to IbU laUo, lee Appondii. 

Tbe upper line shows tlie oambor of terms inctnded by each i»rm- 
ola; the weights of the middle terms are found in tlie second line, 
those of tbe terms next to the mid<lle in the third line, and so ou. 
The third decimal figure has in some cases beeu changed b.v a single 
unit, so as to make the algebraic sum of all the weights in each formula 
exactly unity. (Goinparepage324 of the previons memoir.) TheTowest 
line of tbe table shows the ratio, for each formula, which the prohiible 
error c' of a term in the adjusted series bears to tbe probable error e of 
tbe corresponding term in tbe given series. These ratios are obtained 
in the following manner: 

Let nny adjustment- formula whatever, comprising 2W+ I terms, be 
represented thns: 

Wo=f»Wo+(|(«,+ M_,} + 7,(Mt+«_,)+ .... +I„(w„+«_) (88) ^ 
where tta is the middle term, Uj, Uj, &i.., are the adjacent terms on the 
right, u_i, u_3, &c., are those ou tbe left, and tn, 1%, tt, &c., ore tho local 
weights in fractional form. Then, by a process similar to that which 
was followed in demonstratiag formulas (69) and (71), we shall find that 
the fourth difference of auy five conaecntive terms in the at^usted aeries 

J'4 = l6k~Sh+2h]Vo+\lh-Hh+h) + h\{u, + u_,) 

+ \Gh-Hli + h) + {l„+U)](v.+ V-,)+ i 

■ - - +}0L_,-4(i„_,+L_,)+(L+/,-.)t(«'.-.+«H.-.>) ( ,™. 
+ i6'»-i-*(«»,+'^=)+'=^o|(«„,-,+«-,„_„) {■ ' ' 

+ lCI„-4/„^,+^._,l{«„,+«_„)+(/„_,-l/J('Wl.+ "-(»M>)\ 

ITow, take the series — 

'i, 'i, h, '., k, h^ ■ ■ . 
dud let its foartb differences be — 

Jo, ^1, Ji> 



. J!„. 0, 0, 0, 
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then {89} may be written — 

J', = Ji,«o+Ji{M| + t4_|)+d,{tt,+ «_a}+ . . 



If the given Heries «», «„ Uj, &c., is of an order Dot higher than the 
third, and if the iidjastmeDt-formula (88) is one which, as we will suppose, 
espresses the relation between any 2m+l terms in a series of the third 
or any lower order, tben the adjnsted series will be tbe same as the otik- 
iunl or given one, its foarth diOerences will be zero, and both members 
of equation (90) will be equal to zero. But if each term of the given 
series is liable to deviate from its normal value b.y an error of accidental 
nature, whose probable amount is c, then the probable value of tbe 
fourth difiFerence of the adjusted series becomes — 



( J'O = £ VJo'+2(Jl'+Jj*+J3'+ +Jn.+J*) (91) 

If now we deuote by t' the probable error of a single term in tlie 
adjusted series, formula (84) gives — 

t' = . 11952 (J'«) 
Consequently we shall have — 

'- = .11952 VJa^+2{^i^+Ji'+ +Jn.-.j*) (92) 

This is the desired expression for the ratio which the probable error 
of a term in the adjusted scries bears to that of the corresponding term 
in the given series. Let us proceed to compute this ratio, when, for 
example, the eleven-term formula (T3) is used, the weights beiug taken 
lis in Table III. Setting down the series — 

.135, .245, .290, .245, .135, .026, -.028, —.023, 0, 0, 0, 
its fourth differences are found to bo — 

.050, .041, —.012, —.050, —.045, .000, .064, —.023 
and we have — 

' =.11952 VMt^+ 2 (.O41=+.U12H-0''0'+^i>'^^Olj4'+:0i^3^) = .0187 
which is the value shown in Table III. To illustmto the fact that tliis 
is a minimum value, that is, less than it would be for any other eleven- 
term formula, we will nest take formula (21), in which tbe weights are 
in arithmetical progression. Uere the series — 

23, 34, 45, 3*. 23, 12, 1, -10, 0, 0, 0, 
has for its fourth diQVi-enccs — 

44, - 22, 0, 0, 21, - 52, 41, - 10 
and, consequently, wc have — 

7 = T^o'^ ^**' + r(H'T2i'T55*TiPTiff'") = -0818 

Again, lot ua try the improved formula (56). Using only three places 
of decimals, we have the weight-series — 
.14*, .238, .274, .238 .141, .038, - .029, — .028, 0, 0, 0, 
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vboae fourtb differoDces are — 

.028, 032, .005, -.022, -.070, —.014, .083, 
and coD8eqaPutly — 



. lAstly, let us extend tbe series of teaat-sqnare formulas at top of page 

337 iu tbe previous memoir, ao as to include eleven teems; tbis gives — 

«. = ^ { 89 M, + 84 (K, + w,} + 69 («« + 11.) + 44 (w, + «»} + 9 {«, +«„) 

- 36 (w, + «„) [ 
and proceeding as in the case of formula (21), we get — 

p = '^^- V2 (9P + 208* + 153» + 36') = .1088 . 

"Sov, comparing all these four cases, aud considering that the accuracy 
of the adjustments made by any formula is measured by the smalluess 
of the ratio -, we see that formula (73) is the best, (56) neariy as good, 

(21)coD»tderably inferior, and tbe least-square formula the poorest of all. 
It is not to be uuderstood, however, that when tbe formolus of Table HI 
are used, tbe probable errors of the adjusted terms will be really as 
smalt as indicated' by the ratios given iu that table. In making use of 
these or any other adjustment-formulas under tbe second method, we 
are obliged to assume, first, tbnt tbe true law of tbe given series cau be 
regarded, within the limits of tbe formula, as being of algebraic form 
and of an order not higher than tbe third ; secondly, that tbe probability 
of error, or of deviation from the true law, is the same for one given 
term as for another; and, thinlly, that the number of terms included by 
the ai^ustment-formula is large enough to make tbe actual distribatioa 
of errors agree with that which is assigned by tbe theory of probabili- 
ties. Xone of these three assumptions can be regarded as, practically, 
anything more than a rongh approximation to the real state of things 
in nny given casa Hence, we must take the values of—, not as giv- 
ing absolute measures of the ratio of the probable errors of adjusted 
and unadjusted terms, but as a means of estimating tbe relative ac- 
curacy attained by the use of different adjustment- formulas. Tbey will 
also serve to measure the relative smoothness of adjustment, since we 
have, according to formula (81), 

ff_(JM 

. (^.) 
that is, the probable value of tbe fourth difterence is diminished by 
adjustment in the same ratio as tbe probable error.* 

Tbe numerical values of the ratio — given by formula (92) differ greatly 

'Tbe actual dimiuntionof tbefonrtbdlffsrenccB, boirever, iafnQnd to be mach mora 
rapid than tbat of the probable errors, and ia very neail^ that which theory reqnira. 
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from the valnes wbicb woald be obtained if we oeglected the iiriadple 
of continuity io the adjusted Kcries. In that case, denotiDg the proba> 
ble error of ud adjusted term by ««, we should have — 

r=^V + a(/,'+i,'+y+ + („>) 

and the system of weights which renders tbis ratio a minimum i» that 
of the least-square formulas iilrcndy referred to. 

The first two and last tvo terms of a given series are not reached by 
any of the formulas of Table III, and it is impossible to adjust them 
with the same accurao.y as other terms. The best we can do, perhaps, 
is to apply formulas (GO) and (CI), or sometimes to use only four given 
terms instead of five, iu which case we £i:et by the same method—' 

K,= |j (19 «, + 3 w, - 3 «, + «.) (93) 

«j=|^(3w,+ ll«,+ 9«i-3«0 (94) 

Wheu the law of the given series varies so rapidly that auy five con- 
secutive terms cannot be regarded as approximating closely to the form 
of a curve of the third degree, we may have recourse to adjustment- 
formnlus of the nature of (22) and (59), which assume that the series is 
of an order not higher thau the fifth. Then, by processes precisely 
analogous to those by which formulas (84) and (C9) were demonstrated, 
it can be shown that the probable error of a term bears a fixed ratio to 
the probable value of the correapondiug sixth difierence, namely, 

. = . 032898 (J„) 
that the best adjustment-formula is consequently the one which renders 
the )>robable sixth difference of the adjusted series a minimum} and that 
to include only seven terms, this tbrmula is — 

w*= 3oW { l^'S^"' + 823 («3 + «i)- 330 (M, + ««) + 55 (ii, + «,) J (95) 
or, to three i)laces of decimals, 

«, = .040 «, + .270 (Wa + Mj) - .108 (w, + We) + .018 (Hi + «,) 
The weights of formula (95), taken together with the twelve nearest zero- 
weights, constitute a. series of the sixteenth order. It has been found 
that the ratio of the probable errors of the adjusted and unadjusted 
terms is — 



In the case of formula (70), for adjusting a double series, the weights 
of the formula, taken together with the forty nearest zero-weights, con- 
stitute a double series or rectan^lar table of forty-nioe terms, whose 
complete fifth differences J1+9 are equal to zero. The employment of 
such an adjustment-formula as this involves the assumption that the 
true law of the given double series is such that any rectangular group 
of nine terms will satisfy the condition— 

J,*,= 4 Ms— 2 (W,+ U^+ Ua+ «b) + (1(1+ «3+ «,+ II,) = 
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(See the flgnre on page 320 of the previoas memoir.) By a process 
strictly analogous to that which we have followed in the case of ordi- 
Dary series, it caa be shown that the probable error of a term in ttio 
doable aeries bears a fixed ratio to the probable vidne of the correspoDd- 
ing complete second ditfereuce, namely, 

that the formala (70), which renders the probable valne of ^2+1 itt the 
adjusted series a minimum, is, therefore, the one which will make the 
most accarate adjustment; and that the probable errors of the adjusted 
and nna^jnated terms will, in this cose, bear to each other the ratio — 

1'= 0^05 
If the least-sqoare formula (48) were used, the ratio of error would be 
iucreased to — 

i' = 0.460 



It was remarked iu the previous memoir that formula (48) givra exact 
results when applied to a double series or table constructed li-om a com- 
plete eqnation of the third degree. This is also true of (76), and, more- 
over, such formulas will be found exact in the case of a table constructed 
&om an entire polynomial of any degree whatever in x and y, provided 
that no term of this polynomial shall contain a;' ^ as a factor. This is 
only a particular case under the general theorem that if we denote by 
J„+a the result of tn finite differentiations with respect to x, and n with 
respect to y, we shall always have — 

in a double series constructed from an entire polynomial of any degree 
whatever in « and y, provided that no term of this polynomial shall con- 
tain x^y^asA factor. 

TEST OP A. GOOD ADJUSTMENT. 

When a table of mortality or other irregular series is to be adjusted, 
for instance, by one of the formnlos of Table III, the question presents 
itself, Which formula is most suitable for use in the given easel This 
question cannot be answered definitely iu advance, but we can easily 
see that if only the five-term formula is used, the adjustment may be 
insnfQcient j that is, some undulations may be retained which are due 
to accidental causes, and do not properly belong to the true law of the 
series. On the other hand, a formula of twenty-one or more terms 
might smooth out the series too much, so as to obliterate some featurea 
of the natural law. The necessary course of procedure will he, to judge 
as well as we can which formnla is most likely to be suitable, and, hav- 
ing a4JH8ted the series by it, to apply some teat of its sufficiency. The 
nataral test seems to be this: that on taking the differences between 
the adjusted and uno^insted terms throughout the series, the system 
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of residanl errors thus obtained Bbould correspond, as nearly as possible, 
to tbe theoretical errors of tbe given series. 

To God these theoretical errors, we employ certain known principles 
of the doctrine of chances. Denoting by j) the probability that an event 
will happen, (1 —p) being the probability that it will fail to happen, we 
know that if a large number M of trials are made, the most probable 
resalt is that tbe event will happen p M times ; that is, the number is 
more likely to hep M than to be any other particular number assigned. 
Nevertheless, it will probably be found, on triiil, to happen not exactly 
p M times, but some other number of times which differs from p M by a 
small quantity or error. If the M trials are repeated a large number of 
times, the square root of the mean of tbe squares of the various errors 
thus obtained is called the " mean error," and its value, according to tbe 
theory of probabilities, is — 

v'p(I-j.}M 
Hence, denoting by I the number of persons observed to be living at a 
given birthday, and by q' the true probability of dying within a year at 
that age, tbe number of such persons who actually die within tbe year 
will probably be not exactly 5* I, but some other observed number, and 
the mean error of this observed number will be^ 

■^i (1 - «■) i 

Dividing this by t, we have for the mean error of theohserved probability 
of dying within a year — 

A demonstration of the foregoing principles may be found in the Assor- 
anoe Magazine for October, 1872. 

Now, let us consider the table of mortality for insured lives of healthy 
male persons in England, recently prepared by the Institute of Actu- 
aries, and published by them, in an unat^usted form, in tbe Mortahty 
Experience of Life Assurance Companies, London, 18G9, and in an ad- 
justed form, with couimutation-tables, &c., in tbe lustitute of Actuaries' 
Life-Tables, 1872. From page 273 of the former work we take the ob- 
served values of the probability of dying within a year, ftom age 18 to 
91, inclusive, and enter them in column 1 of Table IV, first multiplying 
them by 100 to save space. This is the same series which we used in 
Table II of tbe previous memoir, with only a few small differences, dae 
to tbe fact that that series was taken from American insurance reports, 
which gave the data in a somewhat imperfect form. For the ages 10 to 
17 and 92 to 99, the defects of the series have been supplied, as in Table 
II. At some of the other earlier and later ages, some places of decimids 
have been neglected as having no real value. 
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In order to estimate tlie mean errors of this series, we tiim to page 214 
of the Mortality Experience, and there tlnd the data from which it was 
derived, namely, the number of lives exposed to risit and the unmher of 
defi.tb8 occnrring within a year at each age. For instance, at age 40 
the number of lives exposed was 38195, the deaths were 377; and the 
observed probability of dying within a year is therefore — 

To obtain the mean error of this from formula (96), it might seem that 
we ought to know in advance the true or adjasl^ed value q'; but it hits 
been found by trial that for the purposes of oar present investigation it 
will make no material difference in the final results whether we use any 
good adjusted value 3', or only the observed value q. We have, then, 
approximately — 



/■WiW7(l-.U0987)^ 
V 38195 



38195 

and this, multiplied by 100, is entered at age 40 in column (2). Having 
thns found the mean error of q for all the ages from 20 to 89, we can 
llud the probable error, if desired, by multiplying the mean error by 
0.0745. 

Kow, let us mnhe an adjustment of the given series of values of 100 q 
by means of one of the formnhis of Table III, for instance, the tweuty- 
one-term forninla, and denote the results by 100 ^„,. The adjusted 
series is shown in column (3), for the ages 20 to 89, which are all that can 
be reached by that formula. To ascertain whether this a^astment is a 
gooti and sufficient one, let each of the terms be subtracted from the 
corresponding term in column (1). The residual errors thns obtained are 
denoted by 100 r, and are entered in column (4), Asaanting that the 
adjusted values in column (3) are the true ones, ench residual in coluam 
(4) is the actual error of the corresponding term in column (1), and, theo- 
retically, the sum of the squares of the mean errors in column (2) ought to 
be equal to the sum of the squares of the actual errors in column (4). But 
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ir ve were to add up the aqnaree of the errore in these colamns, we shoald 
be giving much greater weight to some portions of the series than to 
others, because the liability to error is mnoh greater in some parts thou 
in others, as is evident from an inspection of column (2), where the mean 
errors diminish from age 20 to age 35, or thereabouts, and then increase 
up to the end of the series, being more than ten times larger at age 7S 
than they are at age 35. We wish to test the applicability of the ad- 
justment-formula used to all parts of the series alike; and to do this we 
must put the errors on an equality by dividing the terms iu column (1) 

bythoseincolamu (2). Eachresultingvalueof — will denote the amount 

of actnal error for every unit of meao error. The squares of these values 
are entered in column (5). Kow, the aritlimetical mean of the squares of 
the naits of mean error ought to be equal to the arithmetical mean of 
the squares of the proportional actual errors. But the former quantity 
will be onity, therefore the latter ought to be unity also; that is, the 
arithmetical mean of all the values of T - A ought to be, approximately, 

nnityf This is the proposed test of a good adjustment. 

To see how far it is satisfied in the present instance, we compute the 
arithmetical mean of the seventy terms in column (5), and find that it is 
only 0.90. But we cannot expect that socb a result will be found exactly 
equal to unity in any given case, for, tbe number of terms in the series 
being limited, the actual distribution of errors wUI vary considerably 
from that which theory assumes. What we do require is, that the dif- 
ference from unity should not be greater than tbe probable error of the 
arithmetical mean. This probable error can be roughly computed in 
the usual way. Subtracting tbe mean value 0.90 from each of tbe 
ttfrms in column (o), we find that the sum of the sqnares of all the remain- 
tiers is 164.7, and oonsequently the probable error sought is — 

0.6745,/.l^iL=0.12 

voyx7y 
It thus appears that the value 0,90 does not differ from unity by more 
than its probable error ; so that tbe series (3) satisfies tbe proposed test, 

and may be regarded as well adjusted. Tbe mean value of ( — 1 
might, however, be brought nearer to unity, if desired, by readjusting 
series (3) with the same formula or some other one from Table III. 

And here we may observe that when repeated adjustments are made, 
tbe order in which the formulas are used is immaterial. For instance, 
if a given series is ac^nsted by the five-t«rm formula of Table III, and 
that result is adjusted again by the seven-term formula, the series thus 
obtained is precisely the same as though we had used the seven- t«rm 
formula Qist and then the five-term one. And the ratio of the probable 
error of tbe final series to that of the original one is, in both cases, 
theoretically, 

ajg .229 X.0S22 =.0188 .,„.„,GoOgIe 



338 METHODS OP INTEKPOLATION. 

Before the odjuBtment in column (3) was made, several others bad 
beeD made with different formulas from Table III, the details of which 
may be omitted here; but the results were that when the five, nine, and 

Bfteea term formalas were luied, the arithmetical meana of T - J were 
found to be considerably less than unity, namely, 
0.40, 0.58, 0.80 

the probable errors being about the same as in the other case; so that 
none of these adjustments satisfied the test. The mean value of ( - I 
is here seen to increase ns the number of terms included by the adjust- 
ment-formula is increased. 

The test we have proposed may be satislied by a^ljusted series obtained 
in many different ways, the problem of adjustment being really, to some 
extent, indeterminate, as stated at page 301 of the previons memoir. 
When the adjusted series (A) in Table II is tried in the same way, within 

the same limits of age, the arithmetical mean of f - ^ is found to be 
1.05, so that that series also satisfies the test. It is believed, however, 
that the present adjustment is the better of the two, the arrangement 
of the weights in the formulas of Table III being such as to make the 
closest possible approximation to the actual form of a given serie«. 
And the writer would here express the opinion that, for the mere purpose 
of smoothing down irregularities, the second method of adjustment, m 
perfected in the formulas of Table III, is in most cases preferable to 
either the first or the third methml, both on the ground of simplicity 
and of accuracy. 

So long as the true analytical law of a series remains unknown, it 
most be considered futile to attempt to fix a precise value for the prob- _ 
able error of an adjusted term. According to the theoreiical ratio in 
Table III, the probable error of a term in series (3) is only .00183 of that 
of the correspoudiug term in series (1). But the ratio is really not less 
than about \, so far as can be judged from a comparison of several 
difi'erent adjustments which satisfy tbe test proposed. This discrepancy 
is owing to the fact already noticed, that the assumptions we are obliged 
to make regarding the law of the series and the distribution of the errors 
are only a rough approximation to the real state of things. 

MEAN EBBOBS ESTIMATED PROM IBBEQIILABITIES OF SERIES. 

When the theoretical mean errors of the terms in a given irregular 
series cannot be estimated as in column (2) of Table IV, either because 
tbe original dativ are not ^ven, or from other causes, it may still be poS' 
sible to make a rough approximation to their amount by means of the 
actual irregularities of the series, provided that it has not been tampered 
with, but gives the unaltered results of observation. To illustrate, let 
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OS tabe the fourth dtGrerences of the terms in colntno (1), by means of 
the fotmola — 

J« = 6 «, - 4 {«, + a,) + («, + «j) 
The results are entered in columa (6). Bat equation (84) showe that the 
probable error is approximately equal to the probable fourth difference 
multiplied by 0.11952. Hence, if we multiply each of the values of J, 
by 0.11952, we shall get a system of errors which may be taken to rep- 
resent the actual errors of the given series (1). But as their sequence 
will be very irregular, we must take tbe average, witbont regard to 
sign, of a group of adjacent ones nnmerons enough to get a fair average 
value, and this will represent the " mean of the errors." We know from 
theory that the "mean error" is equal to the "mean of the errors" mul- 
tiplied by 1.2S33. Hence, we can get the mean error by t^dug an av- 
erage value of J4 without regard to sign, and multiplying it by^ 

0.11952 X 1.2533 = 0.14979 = 0.15 nearly. 
If tbe average of flfteeu values of J^ is used, the process amounts sim- 
ply to taking the sum of every fifteen adjacent terms in column (6) with- 
out regard to sign, and dividing it by 100. The results are given in 
coluDin (7), for the ages 27 to 82. For instance, at the age 40 tbe sum of 
the nearest flfleen terms in column (6) is 3.95, and dividing by 100 we 
have 0.39 as entered in column (7). To get the first seven and last seven 
terms of this aeries, an average of less than 15 values of J^ was employed.* 

The mean errors thus obtained are denoted by r,, to distinguish them 
from the theoretical mean errors «]. The differences between the values 
of C] and ci, though considerable, are sometimes in excess and sometimes 
in defeotr and are, perhaps, no greater than we ought to anticipate, from 
the usual discrepancies between theoretical and actual systems of errors. 
It is thonght that this method of obtaining the mean error may be use- 
fbl, at least for purposes of rough estimation, in those cases where tbe 
more exact method cannot be applied. 

To find the probable errors directly from the average values of J4, we 
should multiply tne latter by — 

0.14079 X 0.67449 = 0.10103 
that is, the probable error is about one-tenth of tbe average fourtli 
diffierence. 

IHTBIK8IO WEIGHTS OF OBSBBTED TEBM8. 

We have hitherto proceeded on tbe assumption that tbe terms in- 
cluded by an adjustment-formula are all equally liable to error, or devi- 
ation from tbe true law of the series. It is possible, however, to assign 
to each term its own proper liability to error; that is to say, its own 

* It wodM buTo been better to bave obtained all the aTeragea from only oioe or 
eloTen volaes of &<, instead of fifteen. OwinK to tbe general curvaturo of tbe acriea, 
tbe average of a groap of terms differs a little from the ooraial average of tbe middle 
term, and tbis error iDcroaseii uearlf oa tbesqaareof tbe Damberoftemta in tbe group. 
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intrinfflc weiglit This was attempted in formula (24) of tlie previoafi 
memoir. We should now prefer to use oue of the formulas of Table HI, 
rather tbao (16), aad so write — 

_ .570 Ca ^^^ + .287 jOtih + e^ u,) - .072 (d «i + ft «s) 
^ .570 0, + .2»7 (c + c) — .072 (c, + ft) 

The unmerator here is formed by taking tbe series of ))rodiiot« CjUi, c,Ut, 
&c., which are obtained by maltiplyiug each given t«rm by its intrinsic 
weight, and adjusting them by formula ( 69). The denominator is f<H-med 
by adinsting the series of intrinaic weights alone with the same formola. 
The aqjastwj viilne of Uj is consequently exact whenever the series of 
products and the series of intrinsic weights are both of an order oot 
higher than the third. But the product of two algebraic and entire 
polynomials is of a degree eqnal to the sum of the degrees of the two 
factors. Hence, formula (97) will give exact results whenever the ob- 
served terms U|, Uj, &o., and their intrinsic weights Ci> Oki &c., form two 
series of such orders that the sum of their indices does not exceed 3. 
Such will be the case, for example, when the former series is of tbe 
necond order, and the latter is of the first order, or an arithmetical pro- 
gression. GeoerBlly speaking, there is no necessity that the intrinsic 
weights should follow any sequence at all, but in the case of a table o( 
mortality they ordinarily do, the number of lives observ^ being, in a 
rough way, a function of the age, as can be seen in the column of numbers 
"Exposed to risk." at page 244 of the Mortality Experience already 
referred to, the numbers inoreasiug continuously np to age 40, where 
they are at a maximum, and then diminishing continuously to the close 
of life. If it would be too much to assume that any five cobsecutive 
numbers in this series are in arithmetical progression, we can more 
safely say that any seven of them form, approximately, a series of the 
second or third order. Now, let us employ formula (95), which gives 
exact results when applied to a series of the fifth or any lower order 
Taking the iutriuMC weights into acconnt, we shall have — 
_ .640c,«, + .270(o3M3+ftWa)- .108(ctt,+ft«t) + ■018(CiH|+c,w,) 
* .640c, + .270(ft + ft)-.108(c, + ft) + .018ic, + ft) 

and this will be exact whenever the observed terms u,, u,, &c., and their 
intrinsic weights Ci, ft, &c., form two series the sum of whose indices 
does not exceed 5. Such will be the case, for instance, when the former 
series is of an order oot higher than tbe third, and the latter is of an 
order not higher than the second, or vice versa. 

In applying this or any similar formula to the adjustment of a series, 
such as (1) in Table IV, we can employ the kuown principle that the 
intrinsic weights are inversely proportioDal to the squares of the meaa 
errors, and so take 



(98) 



=(100 



But there is reason to think that, in most cases, it is not best to take 
tbe intrinsic weights into account. If tbe observed terms u,, «*, &C., 
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and their weights Ci, Ct, &c., form two series the sum of whose indices 
does not exceed 3, then tbe a4)<is*^ v^ue which formnla (97) gives is 
not at all dififereot from that which (69) will give when the intrinsic 
weights are neglected. So, too, when the snm of the indices does not 
exceed 5, we get the same result by nstng formola (95) and neglecting 
tbe intrinsic weights, as we wonld get by taking them iuto account and 
UBing formola (98). From this we may infer that when the intrinsic 
weights form a regalar sequence, it will make no great difl^rence whether 
we take them ioto account or not. Bat the more important point to 
notice is, that tbe iutrinsic weights of different terms do not bear to 
each other the same relation aa the weights of different observations of 
the same term would do. For instance, in observing tbe valne of «« in 
formnla (98), any tn observations, each of whose weights is N, are precisely 
equivalent to any n observations each of 'whose weights is m; bnt these 
« or M observations of u, cannot be fully replaced by any namber of 
observations of tti or v,, because those are quantities difering from u, 
in magnitude, and their relation to u^ Is bnt imperfectly known. This 
coDsideratiou iodicatea that in making at^ustments, the intrinsic weights 
should be used only to a limited extent, if at all, and that the beat we 
can do is to observe the valne of each term as accnrately as possible, 
and tben regard all the terms as of eqnal weight, or nearly so. 

The same consideration will prevent our assigning different intrinsic 
weights to the several terms combined together to form the sums S|, St, 
&C., iu the first method of interpolation. 

ADJUSTUBKT-FOBMULAS OF CTHEB WBITBBS. 

Before quitting tbe subject of ioterpolatiou by the second method, tbe 
present writer would observe that the process by which the new Insti- 
tute of Actuaries' Life-Tables were adjusted, and which was first pub- 
lished in the London Assurance Magazine for July, 1870, is reiilly a 
special case under this method, aad by merely changing its notatiou, can 
be reduced to the formula — 
«, = .200«t+.192 (w,+ lis) +.168 ((/«+ ««) +.056 («,+ «,i) +.024 (w,+ w,,) 

+ .000 {«3 + «„) - .016 (K, + uu) - .024 (u, + «„) 
Its publicntion was of later date tbnn my first proposal of formulas of 
this character for adjusting mortality-tables. The earlier portions of 
my memoir, which contained formulas (13), (14), (15), and one or two 
others of similar character, were prcHented to the Smithsonian Institu- 
tion, and were sent by it to England for examination, in the summer of 
1868. The formulas (17), (191, (20), &c., in which the weights form arith- 
metical progressions, were presented later iu the same year. When 
these are extended so as to include fifteen terms, we get — > 
«.= no{28«,+ 23(w,+ «,) + 18(«s+a„) + 13(Ms+.«„)+8(tt4 + w„) 
+ 3(«3 + Mu)-2(«,+ «„)- 7 («,+ «»)( 
and this is a better formula than the English one, as can be readily 
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Bbown by comparing tbe respective rntios of the probable errors of tbe 
adjusted and unadjusted terms, computed according to formula (92). 

Tbe adjusted series of probabilities of dying withia a year at each 
age, giveu at page xgit of the Institute of Actuaries' Lite-Tables, was 
Dot obtained directly tb>m tbe correapouding observed aeriex; bat the 
sufficiency of its adjustment can be tested all the same ; and on compar- 
ing it with the observed series, we find that the aritbmetieal mean of 

(-} between the ages 20 and 89, inclusive, is only 0.82. This valae 
falls short of unity by more thao its probable error, and indicates that 
tbe series in question baa not been smoothed out quite enough to give 
it the greatest accuracy attainable. 

The earliest publication of adjustment- formulas of the kind we have 
been considering, so far as I am aware, is that of Schiaparelli, already 
referred to, (Smithsonian Keport of 1871, page 333.) As his work may 
not be generally accessible, it is perhaps well to state what that general 
relatiou is, which he discovered to exist between the numerical co-effi- 
cients which we have called heal weights. Tbe notation of formula (88) 
being used, it amounts to this: that if tbe formula is such as to give 
exact results when applied to a series of tbe tbird or any lower order, 
we shall have the two conditions — 

t>+2(il+I,+ (3+ +U =1 

l»i, + 2>(s+3'/a+ +m»I„ = 

But if tbe formula is exact in the case of a series of the fifth or any 
lower order, like onr formulas (22) and (59), tben to tbe above condi- 
tions this third one is added — 

1'/, + 2*7, + 3*l3+ -f m*/„=-:0 

If the formula holds good for a series of tbe seventh or any lower order, 
as in tbe case of (23), we have a fourth condition — 

l<'I, + 2«f, + 3<l3+ +««(„ = 

and so on for formulas of higher orders. 

INTENBITT OF MORTALITY. 
Writers on the law of mortality have often made use of what is called 
tbe intensity or force of mortality, meaning thereby tbe ratio of deaths 
to population at any giveu instant of age. If we consider a stationary 
population, and denote by y the number of persona who annually attain 
a given year of age or birlh<1ay, and denote by x tbe age in years, then 
y Ax will reitresent the nnmber living at the exact age x, and ~dy will 
represent the nnmber dying at that exact age. The intensity of mor- 
tality then is — 

iw 

If it were possible to discover the true analytical form of tbe fnnction 
which expresses the relatiou between mortality and age, this qnaotity ji 
would naturally be the essential element in it. But if tbe boi>e of dis- 
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cove rinj; the Irae law iBchimflrical,a8thereseema much reason to tbiok, 
it may be doubted whether tbe quaatity n ean bare inueh practical 
importance. We will proceed, however, to obtaiu some formnlns for flad- 
iog the iutcDSity, whicb caaoot be directly observed, from the observed 
qaantitiea; and, couversely, for fiuding the latter from given valuee of 
the ill tensity. 

Let us consider any fire consecutive birthdays, and let the numbers 
of persons annnally teaching tbem be — 

V\, vi, yi. V*, Vt 

We will assume that tlie relation of these numbers to the ages may be 
regarded, within the limits of these five years, as being of algebraic 
form and of a degree not higher* than the third, so that we have — 

y = A+Ba!+Cj:'+Dar> 
We will also suppose, for simplicity, that tbe age x is reckoned from the 
middle birthday, taken as an origin of co-ordinates. Then assigning to 
c in succession the values —2, —1, 0, +1, and +2, we have — 

yi = A-2B + 40-8D 

y, = A — B + C — D 

3(,=A + B + C + D 
yi=A + 2B + 4C+8D 
and these eqnationa determine the values of the constants. We find — 

But when j = 0, we have y = A and t- = B, so that the intensity of 
oiortnlity at tbe middle birthday is — 

ydx A 
aud consequently — 

»=»-<&=*tMziM ,99, 

whicb is the formula sought. Thus, if we have found by observation 
the numbers of persons annually attaining any five consecutive birth- 
days, or, what amounts to tbe same thing, tbe "numbers living" at 
those five ages out of a given number of persona born, tbe above for- 
mnla will give the intensity of mortality at tbe middle birthday. It is- 
a little more accurate than the usual formula, 

'^ 2i/, 
The numerical valnfe of p. does not differ very greatly from that of the- 
probability of dying within a year. 

We turn now to the converse problem, that of finding tbe probability 
of living one year, or of dying within a year, from certain given values- 
of tbe intensity of mortality. Let pi, p^, ii-sy ih^ be the intensities at any- 
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four consecDtive birthdays, and let as.asBume that they are coDuectc<1 
with the age by the law — 

fL = --^ = A + Bx + C^ + Dx^ 
ydx 
Placing the origin of oo-ordinateB at the middle, and assigning to x io 
succession the values —71—^1+^1 and + |, we have — 

/<. = A-iB + }C-J D 
P3 = A + iB + |C + ^ D 
/M = A + JB + aC + V J> 
from which the four constants can be fonnd, and we have — 

A = TliJ9(„, + ;o)'-(^, + ^t,)! 

But integration gives us — 

— log'y = Aa; + JBa?+ JC^ + JDi^+ constant. 

At the second birthday, taking x= —\ and y = jj, we have — 

— log' y2=-iA + 4^B — 3ijC + gL.D + constant; 

and at the third birthday, with x = ^ and y ■= ^3, we have — 

- log' y3=iA + ^B + ^C + ^D+ constant. 

Subtraction of the first of these two equations from the second gives — 

Bnt ^ is the probability pi of living one year from the second birthday; 
BO that, substituting the values of A and C, we have — 

- log' p, = 3"t { 13 (,.j + ,.,) - (/., + ,.,) I (100) 

and this is the formula sought. If, for example, />!, /ig, &c., denote the 
intensities at the ages 39, 40, 41, and 42, then log' pi will be the Napier- 
ian logarithm of the probability that a person aged 40 will live at least 
one year, and 1 —pi is the probability of dying within the year. 

INTEEPOLATION BY MEAMS OP A CtECULiB FUNCTION. 

We have already noticed that the algebraic formulas (A), {B), (G), &c. 
of the previous memoir can be employed in pliice of the usual formula of 
finite difierences, for making ordinary interpolations from single tertus 
taken as data. In a similar way, the circular formulas (a), (6), (c), &&, 
given at page 33G of the memoir, are capable of being used for the purpose 
of ordinary interx>olation, and may thus take the place of such formulas 
J18 iire found in the appendix to vol. II of Dove's Repertorium, page 
275. The given single terms are supposed to be either three, four, six, 
«igbt, or twelve in number, and to be situatedat equal intervals through- 
out the whole circular period. We have only to regard them as consec- 
utive areas represeuted by 8|, 81, &c., respectively, and take n equal to 
unity. For example, let there be four of these given terms or equidis- 
itant values of the function, namely, 

7, 12, 5, 9 
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then the foor-tierm formula (b) gives — 

A = 8J, Bi = - 2^, Ci = i, B, = - 2J 
and sabBtitating these values in formula (7S), and takiug — 
tf « ^J = ?JI = 90O, n = I, S = « 

we get the equation^ 

« = 8.25 + Jsin450{-5 8in{iS)+oos{a;0}j - 2.25 sin 2 (a; fl) 
which is transformable into-; 

u = 8.25 + 1.803 sin {xB+ 168© 41') - 2.25 sin 2 (a; 0) 
When the values — |i — ^i + h + 31 ^^-i ^^^ successively assigned to 
X in this equation, the resulting values of u will be the four given terms 
or data, and for an; assumed iuterme<Iiate values of x intermediate 
values of the fuoctiou can be interpolated. 

One of the formulas of the Repertorium above mentioned, the one 
which includes twelve given terms, is the same as the formula subse- 
quently demonstrated and used by Everett, with a diQerent notation, iu 
bis articles on "Beduciiig observations of temperature," iu the Amer- 
Icmn Journal of Science and Arts for Jannar; and September, 1863. In 
connection with the remarks made at page 314 of my previoas memoir, 
respecting Everett's method of correcting annual equations of tempera- 
tare, it ought perhaps to be said that 1 have not had access to the Edin- 
burgh New Philosophical Journal for July, 1861, in which his work was 
Sist published; but the method is presumed to have been essentially 
reproduced by him in the American Journal for January, 1863. (See 
foot-note on page 27 of the latter.) 

INTEEPOLATION BY MEANS OP AN EXPONENTIAL FUNCTION. 

In the discussion of this subject at page 32d of the previous memoir, 
all the roots of the equation of relation were supposed to be real and 
positive. We shall now consider the general case in which the roots 
may be either real or imaginary, and shall procee<l as before, after the 
analogy of Prooy's treatment of the subject of ordinary interpolation 
from single terms or ordinates. Instead of placing the origin of co- 
ordinates at the middle of the left-hand group as before, we shall now 
place it at the middle of the series. This is equally convenient, and 
more symmetrical and accordant with the system we have followed iu 
the cases of algebraic and circular functions. 

The appearance of iuiagiriary roots in the equation of relation implies 
a change in the form of the function whose equidistant values constitute 
the recurring series. Just as each real and positive root corresponds to 
a term of the form ft^ in the function, so each pair of imaginary roots 
corresponds to a term of the form — 

}c sin ixo) + d cos (x0}\ j* 
where 0, d, and ]■ are constant numbers, and tf is a constant arc Kow, 
let us write the equation of the curve as follows: 
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y= A + B {log* iS) ^ + Bi (log* A) ft- + Bj (log' ft) ft' + &c. 
+ i(0 log' r - DO) sin (xO) + (D log' r + G e) cos {x 0)\ j' 
+ {(C,1og'n— I>i''i)siD(a;0,)+(Dilog'ri+Ci0i)co8(a:0,}!?-i' 
+ &c., &c. J 

By iutegiution we get — 
fydx = Ax+Bli'+Bt ^i' + B, ft- + &c. 
+ fCBiD {xO) + Dcoa{xO)lr' 
+ iCi8iu (xOi) + D, coa (xei)ir' 
+ {Ca sin [X03) + Hi cos [X Oi^n' 
+ &c, &c, + coastaot; 

aod takiog tliis betweeu the limits x — |n and x+ Jn,and employing it, 
/.-,, ^„ &C., and I, li, U, &c., aa auxiliary letters, we have — 
fc = (^» _ ;.-i») COS 4 (n 0} ^ 1 = (r*" + r"*") sin i (n 0) 
k. = {n*-- rr'") os J (« c,} [ d = (n*- + n"*") sin i (» 
&c., &c. ) &c, ; 

S = An + B (/Si- - fi-i") ,9- + B, {ftl- - ft-i") ft' + &c. ). (102) 

+ j(Cifc — DI)8iD(a;0) + (Dft + COcos(x(») j/- ' 

+ j(C, t, - D, l{i sin (3: e,) + (Di A-i + Ci I,) cos (x 0{) i 
.+ &c., &c. 

This ifl the expression for the som S of any n terms taken in a groop, 
the abscissaof the middle point of the group being ir. It is of the same 
formastheespressioQl'or^ in (101), so far as the variable a? is concerned. 
To apply it to the graduation of a given irregular series, we assome 
certain groups of equal extent and equidistaut, and denote the number 
of terms in each group by nj, and the constant interval between the 
middle points of the groups by A. If we substitute fii for n in (102), and 
assign to j; in succession the values corresponding to the middle points 
of the assumed groups, we shall obtain expressions for the sums S|, S(, 
83, &C., of the several groups. These sums will form a recnrring series 
of the mth t>rder if the number of groups assumed is the even number 
2 m, in which case the constant A is to be omitted from the function 
altogether. But if an odd number, 2 m + 1, of groups is assumed, then 
A must be retained, and the differences — 

(S, - A tt,), (8* - A«,), (Sj - A n,), &c., 
will form a recurring series of the mth order. Let the m terms of the 
scale of relation be denoted by — 

— A,, - Ai, - Aa, - A„ 

When the number of groups assumed is even, tlie numerical values o\ 
the scale-terms A], Ai, &c, are found I'rom the m equations — 

A, 8, + A, Si + A3 Sj + + A„ 8„ + S„t, = -J 

A,8* + AtS, +A3S. + +A„S„+, + S.«=0( 

A|8„+A,S„*, + A3S„,,j+ + A„8„„_, + 8,„ = o) 
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But if the Dumber of gronps aBsumed is odd, we have ttie tn + 1 eqaa- 

tiODS — 

A,(S,— Ai.,)+As{8,-A«i)+. .+A„(8„. -A»i)+(S„»i-Ani)=0-^ 

Ai(S,— Ani)+A,(83~An,)+. .+Ao,(S„+,-AM,)+S„+2-An,)= 



>(101) 

A,{S„+,-A»,)+A,{S„„-A«,)+. .+A„(S^-A«,)+(S*,+,-An,)=o) 
and A ni boiog eliminated by sabtracting each eqaatioa from the snc- 
ceeding oue, there will be m eqnatioDS remaioiDg tVom which tbe values 
of the scale-terms may be found as before. Whether tbe number of 
groups assumed is 2 m or 2 m + 1, the equation of relation will be— 

«■» + A„ z»-" + A„^i2"-» + 4-A,2^A,=0 

This niimerieal equation of tbe mth degree being solved, its real roots 
are tbe valnes of tbe constants (S"", jS,'', A", &c As for the imagioary 
roots, each pair of them are the roots of a quadratic factor of the equa- 
tion of relation. These factors being found, let oa denote them by — 
a»+i» z+q =0 
!s'+p,e+q, = 
&c, &c 
Then we shall have— 

- 2 ;•* coa (ft e) ) 
-2n''oos(Atf,) } {105} 



&c.,&c. > 



and thus the values of the constants r, rn rn Sec, and of the constant 
arcs 0, 0|, 0,, &c., become known. Substituting them and the values of 
I't ''ii ^1) &<!■> in the general formula (102), and assigning to n the numerical 
value of »i, and to S the successive numerical values of 8i, Sj, &c., and 
to X the corresponding values for the middle points of the groups, we 
shall have a system of equations which, besides tbe constants A, B, Bi, 
Bt, &c., G, O], Cg, &C., and D, D|, Dj, &c., contains only numerical quanti- 
ties. These constants will be nt or m + 1 iu number, according as there 
are 2 m or 2 m + 1 assumed groups. We shall only have to form as 
many equations as there are constants, and then the values of the con- 
stants can always be found. 

Having thus completed the determination of all the constants in 
formnla (102), we are enabled to interpolate the sum 8 of any group of 
n terms in tbe graduated series; and if we take— 

n = 1, S = u 

the equation of tbe series may be reduced to the simple form — 

i( = A + 6j9* + 6,i9i- + 6,ft'+ &c., "N 

+ jc sin {xO) + ii cos {x0)\f' 

+ jcj sin {X Ci) + (?i cos [X o,)\ n" 

+ &c, &o. ) 

The sums of the terms in the 2m or 2»i-|-l assumed groups will be the 
same as in the given series. If the number of groups assumed was 2ut, 
the graduated series will be recurrent, and of the mth order; if tbe 
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nomber of groups was 2m-)- 1, tbe series will be of tbe (m-(-l)tb order, 
bnt after tbe constant A bas beeo subtracted fiom each u.rnt, tbe 
remaiuflers will rorm a series of tbe mth order. 

We wiU uow make au application of tbis metbod to the Kradnation 
of aeries (/) in Table II of the previoos memoir, io order to illastrate tbo 
working of the formulas, bat without any design of specially recoiu- 
mending tbe method for adjusting mortality-tables. Let us assume sii^ 
consecutive groups of equal extent, so as to have — 

f» = 3, «i = ft = 15 

The sums of tbe terms io these six groups are — 

S,=- 7.8522 Si=21.069 Ss=182.02 

S, = 12.305 S, = 54.573 S, = 446.S4 

Substituting tbes0 values in the equations (103), we have three equa- 
tions from which we find the three-scale terms — 

A, = - 27.799, A, = 24.863, A, = - 6.6914 

and the equation of relation therefore is — 

■^ — 6.6914 !? -1- 24.863ir - 27.799 = 
This has only one real root, 

2 = /9H= 1.6960; 
and consequently we have ^ = 1.0358. Dividing tbe equation of rela- 
tion by— 

2-1.6960 = 
we get the quadratic faetor — 

«»- 4.99542 -1-16.391 = 
which contains tbe pair of imaginary roots. Hence, by the formulas 
(105) we have — 

16.391 = r*, 4.9954 =s 2 j-» cos XU 

which give for the values of the two constants — 

r = 1,0977, fl = 30 27' 37".8 

Ifow, snlMtituting tbe values of ^, Xi ^°<^ ^ ii* (102), and taking— 

» = «, = 15, A = 

we find — 

fc = 1.3823, I = 1.0981 

fmd assigning to 3 in aaccession tbe values of 84, Sg, and Sg, and to j 

tbe corresponding valaes ^, '^, and ^, we get tlie three equatione— 

54.573= .09599 B+ 3.1862 C+ 1.4977 D 

182.02 =1.1804 B -I- 12.731 C— 6.4117 D 

446.84 =2.0019 B-|- 11.308 C — 56.570 D 

from which the values of the three remaining coostants are found to be— 

B= 57.520, C = 6.6876, D = - 4.5182 

We have thus determined all the constants of formula (102) which are 
required for the case in band, and are enabled to find by interpolatiuo 
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the sum 8 of any groap of tt terms, the abscissa of whose middle point 
is ;r. If we take — 

n = l, S = M 

we shall have — 

£ = .093216, I = .060463 

and coDseqaently — 

«=f2.U259^+ ^S9653 sin (ic(P) -.01682 008 (j; 0)1)^ 
which may be transformed ioto — 

It = 2.0269 ^ + .89676 sin (a; - 1© 4' 29") y 
and this is the eqaation of the graduated series, the values of 0, r, and 
being, an already slated, 

^=1.0358, J- = 1-0877. * = 30 27'37".8 

When the valut-s — }, +^, +$, &«., are successively assigned to x, the 
resnlting vaioes of u will be the adjusted terms for the agea 54, 55, 66, 
&c. The whole series is shown in the accompanying table. The sums 
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When we assnme only three gronpa, S„ Sj, and 83, in a given series, 
the three coaatante will be — 

-4\ 



=lh-(l&!-)! 



>{107) 



These are the same as in (67), except that the origin of co-ordinates is 
now placed at the middle of the series. 

The foregoing processes will serve for the purpose of ordinary inter- 
polatiou from single terms, if we denote the given terms by S„ St, &c., 
and take— 

» = H] = A = 1 
This conesponde to what has already beeu ooticed in counectioa with 
algebraic and circular functions. 
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jbe coDstant interval between the weights be takeD as the unit of x, 
Scbiaparelli's two conditioos give the two equations — 

23 A + 2 { (Il')B + (IV) C + (11«) D + (11») B + (11"») F). — 1 
{11*) A + (IV) B + (11«) C + ai«) D + (ll") E + (11") F -= 
where the uotatioD ased is — 

(11") = i» + 2" + 3" + + 11» 

Siiice the curve pnsses through the positions of the eight nearest zero- 
weigbta, we have also these four equations : 

A + 12* B + 12* C + 12« r> + 12» E + 12" F = 

A + 13^B + 13'C + 13''D + 13«E+ 13"'P = 

A + 14» B + 14' C + W D + 14' E + 14" F = 

A + 15* B + 15* C + 15* D + 15» E + 15'° F = 

This makes six equations in all, enabling us to compote the numerical 

values of the six constants, A, B, &c., in the equation of the curve, after 

which, by assiguiug to ;i; in succession the values 0, 1, 2, 3, &&, we get 

values of y which are the weights of the adjustment-formnla sought. 

Commencing with the middle term, they are — 



.1534 



.1463 



-.0092 



-.00:'£ 



(108) 



In a similar way, the weights of the 35-term formula have been Ibnad 
to be — 

.1424 .1308 .1205 .0962 .0678 .0395 .0151 \ ,,nQ, 
—.0024 -.0119 -.0140 -.0110 -.0060 -.0018 ( ^"'' 

If it were desirable, there would be no great difficulty in eztendiug 
the series of formulas still farther. 

In each of the foregoing cases, if the greatest nicety of adjustment is 
required, the weights ought 1^ indade as many as four places of deci- 
mals, because, if the fourth figure is neglected, the error-ratios — are 

found to be materially increased. These ratios, as computed by formnla 
(92), are respectively .00124 and .00091 when four places are retaiued, 
but with only three places they are increased to .00191 and .00197 re- 
spectively. 

On the other hand, it is found that the error-ratios for the 5, 7, and 
9;term formulas of Table III are not materially altered by droppiag the 
third decimal place, so that the first part of that table might as well 
stand thus : 
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To secure the in'eateflt practical facility in innkiDg: adjustineats, nu 
nore figares should b» nse<l than are really tieccssarj*. 
AuorST, 1874. 



ERRATA. 

At age 54 of column (a), in Table I, (Smitlisoaian Report of 1871, p, 
:i87,) for 1.80 road 1.43. The error occura iu the origiuat table in the 
Massachnsetta Report. 

In the foot-note at page 317 of the Smithaonian Repoi-t of 1871. for 
Ldonvill^s read Liourille'a. 
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RliMlBKS 0.V THB KJOKKEX-XVDDISGS OX THE MORfHWEST COiSI %f 
iMBUICA. 

Bv Paul Schl'macheb. 

Diiiiii^ my excur»ioua nloog the coast, from Gresceut City (latitude 
41° 44' 30") to Itogue River, (latitude 42^ 25',} I found numerous vei- 
(leti('e» of Iiiditins of a past time who occapied Louses. 

^ear a river, or iu places on tbe coast where there are groups of rocks 
Ntriitcbiug out frequently for miles into the ocean, there are almost c«r 
tain to be found on every emiueuee which would serve as a look-out to 
prevent sudden attacks, traces of former dwellings. 

As in certaiu seasons the rivers yield vast quantities of trout aod 
salmon, so alHO do the rocks supply edible shellfish, vhich priucipallv 
adhere in clusters to the rocks washed by the ocean; iu the shallow 
water on tbe shores, in the tangled masses of sea-plants, all kind of fish 
deposit their s[)awn and search for food, while the 8ea-li<m audits relation, 
tb« seal, disport themselves amoug the breakers, alternately tlshiug and 
sunning themselves on the rocks. Shell-heaps, bones of sea-lious, deer, 
and bear, chiefly mark the localities where these ancient dwellings have 
formerly existed. These remains are in layers, which become more and 
more indistinct as their age and depth increase, until the whole is 
i-educed to a dark and ash-like earth, in which stoue implements alone 
remain distinguishable as evidence of a prehistoric population. 

At tbe suggestion of the Smithsonian lustitution, I visited tbe ahell- 
beaps, which to the present Indians are known by the names of Cbit, 
(now Chetko;)' Nat-6-uet, (Lone Eiuieh ;) Khftstg-uet, (Hustenate;) 
ChStl'S-sliKn, (Dig Ituck, now Crook's Point,) and found there many kiuds 
of implements, sojne of which were slightly broken, but most of them 
were only fragments. 

Arrow and sjtear heads were fouud in great numbers and variety, 
besides pestles, knives, pii)es, wedges, and 6ther articles, the use of 
which I have not yet been able to ascertain. 

In the following statement I give a list of the objects which I have 
presented to the National Museum, addiug such remarks as appear to me 
necessary. 
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ABBOW-BBADS. 

Tbe peculiarity of the shape of tbe arrow as well as spear heads 
requires a certaia classification, dnd. having divided them into sets, I 
here briefly mention the following kinds : 

KoB. 1 to 32. — With long barbs and with projections. 

:So8. 33 to 45. — With short barbs and with projections. 

]!<08. 46 to 47. — Without barbs and with projections. 

Nos. 48 to 94. — With barbs and withont projections. 

(Nos. 48 to 80.) a. Long arrow-beads. 

(No8. 81 to 94.) b. Short arrow-bends. 

Kos. 95 to 96. — Of glass ; were made in my presence by a Klamath 
Indian, to explain tbe mode of mauufacturiug tbem. 

SPEAE-HEADS. 

Xos. 97 to 101. — Of a very clearly -defined shai)e, without barbs, but 
wiib a projection. Tbe pointed teeth show ihem to have beeii danger- 
ous weapons. 

No. 123. — Same species, bnt blunt. 

Nos. 102 to 122. — With short barbs and with projection. 

Kos. 124 to 177. — Leaf-8hai>ed, without barbs or projections. 

Kos. 178 to 193. — With barbs, but without projections. The circum 
stance that arrow as well as spear beads without projections were 
fastened to the wooden shaft with sinews, holding them only long enough 
to pierce the object, but detaching them when withdrawn, must lead 
us to the conclusion that such implements were only used against 
enemies, as making the most dangerous wounds. The well-fastened 
heads with projections were better suited for hunting ; not only are they 
preserved for future use, but the sulbcring shaft also impedes tbe flight 
of tbe animal. 

KNIVES. 

Sos. 201 to 204.— Seinioval. 
Koa. 205 to 207.— Lancet-shaped. 



>"o8. 196 to 200 and 213 to 214.— Of somewhat diftering shapes; So. 
198 cxcelliug by its neatly chipped edge. 

Tbe manufacture of arrow and spear heads, knives, and adzes, aud 
in general of all such implements as are made of flint, obsidian, jasper, 
&e., and which have sharp points and edges — if we suppose that the 
ancient people were a kindred race with the present Klamath Indiana — 
may be described as follows : A piece of one of the above-mentioned 
stones, which breaks sharp-cornered, aud with a conchoidal fracture, is 
healed iu tbe fire, and then rapidly cooled, after which it is struck on 
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the break-edge, by which meaDa it is split into flakes. To such a flake a 
suitable rough shape is given by sinking it witb a tool, such as may be 
seeo in No9. 271 to 273, iu which state the real manafiicture commences. 
For this purpose the tools are nsed which I have exhibited in the accom- 
panying sketch, (Fig. B.) A piece of boue is fastened Fig.B. 
to a wooden shaft 1^ feet io length, (a,) the working 
point of which {b) is crooked and raised to an edge. 
The applications to be nia<Ie of this instrument are 
shown with the two principal angles in d, only a 
pnshing force being employed during the time. To 
guide the instrument with a steady hand the handle is 
held between the arm and breast, while the point, with ^ - 
but little play-room, assisted by the thumb, works on "T" 
the edge of the flake, which again is held, for greater | 
safety, in a piece of deerskin. After the two sides ! 
have been worked down to a point, then another iu- f^ 
stmment is required, (o,) with which the barbs and ' 
projectiuna are broken out, (e.) This i^i a needle or awl, of about three 
inches in length, (Nos. 333 to 235,) and by a pushing motion the desired 
pieces are broken out in the same manner as with the first-mentioned 
tool. 

It wonld be imjiossible to produce a more delicately-formed arrow- 
head (as, for instance, No. 1) by hammering; and a short trial of 
the above-described method will prove the advantage of this method of 
operating, 

Ko. 20S — Is an implement of bone, which, together with skull No. 
289, clay-pipe ISo. 212, and implement No. 269, 1 found in a grave io 
Chetko. I saw a similar piece (Fig. E) Fig. E. 

in Crescent City, made of dark stone and 
nicely polished, which was found in Happy 
Camp, at a depth of 40 feet below the 
surface. 

No. 200. — Amulet ; probably worn as an ornament around the neck. 
Although in shape it is similar to a sinker, it is too carefully made and 
ornamented, as well as not heavy enough, to have been used for that 
purpose. 

Nos. 210 to 287.— Wedges. 

Nos. 211 to 212.— Siwdes. 

No8. 215 to 223.— Drills. 

No. 224.— Rubbing-pestle. 

Nos. 225 to 226.— Probably drills. 

Nos. 227 to 229.— Unknown. 

Nos. 230 to 232.— Drills of bone. 

Nos. 233 to 2:J5. — Awls used to make arrow-heads, (Ffg. B, c.) 

No. 236.— Unknown. 
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No. 237. — Ornament worn tbrongti the Be[ftam of the nose; prettily 
made and oroameDted. 
No. 238.— Unknown. 

No. 239. — A fragment, of which a great namb'er occur on the shell- 
heaps where qiiairiea appear to have existed. 
No. 240.— Unknown. ' 

No. 241. — Spoon of bone, which was found in a newer layer. 
Nos. 212, 243, 288. — Pipes; the first one of clay, which I found in a 
grare with Nos. 208, 269, and 289; the second one (No. 243) is of talc; 
probably a failure, and, therefore, not completed, but exhibiting the 
mnnoer of manufacturing. The boring of the tube was evidently done 
with an instrument, and, according to the explanation of an Indiau, 
Fit/. F. this tool is identical with abow-drill, (Fig. F,) while the 
larger opening, in, which it is intended to place the to- 
bacco, washoltowedontintheusual manner. Tlieorher 
pipe (No. 288) appears to be an attempt to work in clay. 
Nos. 244 to 249. — Sinkers. lam not positive whether 
No. 209 (also No. 244) was need as a sinker. 

Nos. 250 to 259. — Pestles. These instrnmenta are of 
different shapes, and are frequently found. But, be- 
cause mortars are found but rarely, we must suppose 
that in early times, as at the present, the pestles were 
a used mostly to crush acorns on a flat stone, around 
which was placed a low, bottomless basket, of about 
I IJ feet in diameter, into which were thrown the acorns 
to be crushed, (Fig. C.) 



Fiff. a 







The slender pestles (Nos. 250 to 252) I tbin*k may also faave betn 
nsed as war-clubs, in favor of which Rupposilion is their shape, and also 
the fact that tbey have been frequently broken by a side-pressure. 

Nos. 260 to 262.— Objects of the uses of which I have no very decidea 
opinion. They may have been used as hammers to break shells of 
acorns. 

No. 263. — Used to rub colors. 

Nos. 264 to 266.— Probably used to rub skins. The latter are not fin. 
nished yet, thus showing the process of making them. But of the nse 
of No. 266 I am not sure. 
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Ko. 26Sr—1he handle of a tool for bollowiug out cauoes, wliiuh is 
fnllj sbowa iD the aceompaDying drawing, (Fig B.) 
Fig. D. 



Ho. 209. — The »pper part of a haudle belongiug to a tool like No. 26S. 
I found it iu the excavation with No8. 208, 242. aud 389. 

No. 270. — Approaches ia shape to aa ax, and appears to have becu 
broken in use. 

No8. 271 to 281. — Stones as shaped by nature, which might easily mis- 
lead the collector. Bat if the undisturbed position is regarded iu 
which they were found, we soon come to the cooulusion that no Indian 
hand gave them this form, bat that it was the sand, driven by heavy 
winds, which polishes all exposed objects. I also found such stones od 
bare sand-hills, but mainly on the hard yellow ground of Crook Point, 
on both sides of which drift-sand is abundant, and where the continnal 
noi'thwest wind during summer and violent southwesterly storms in 
the winter drive heavy masses of sand before them. There these stones 
either stick in the loamy soil, their surface ouly being exposed, (Ko. 275 ;) 
or they lie in a steep bank, so that only one edge projects out above 
the surface, (Ko. 276 ;) and again others in such a position that the sand 
can get at them on all sides, (Kos. 271 and 277.) 

Nos. 282 to 283.— Unknown. 

Kos. 284 and 285. — Perhaps spades. 

Ko. 286. — Evidently a whetst<»ne. 

Kos. 289 to 291. — Skulls, the measurements of which are as follows : 
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The following shells, the names of which Mr. Dall kindly ascertained 
and fixed for lue, I present as the characteristic species which con- 
stitute and are found in theKjokki'n-Moddings. The relative percentage 
I approximate at 0.7 Mytilu» calif ornianus ; 0.2 Tapes staminea ; and 0.1 
of the remaining ones, among which Macktera patula and BvlimM 
and Ptirpuea lacluca are predominant. 

REMARKS ON THE OHAEACTEEtSTICS OF TnE DESERTED SETTLEBESTS 

ON WHinH XUBSE OBJECTS WERE FOUND, 

Chit, now Cketko, {Map 0.) — On the elevated right bank of the Chetko 

River, near its mouth, there are extensive beds of bleached shells, BsU- 
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boD#8, and tboBe of animals. Tbe layers reach probably to a great 

depth, bat I only had opportanity to measure to a depth of 10 feet, 

Map G. 



which was at a place where a settler named Miller wiia dffrgiiig a fonnda- 
tion for a house. My visits to this place were only casual, for my duties 
allowed me but little time to explore this interesting locality. But ou 
one occasion I fonndtimo to search for graves, and in this was guided by 
the following circumstances : In the first place, I made sure of a local 
ity^ on which, in former times, huts had existed, which I soon recog. 
niz«d by a slight circular depression. lu this locality these stretched 
along in a pretty regular liue to a point where the otherwise level bank 
rises in a steep ascent. As these graves are found only a few 
steps from the remains of tbe habitations, I had not long to search, and 
soon fonnd a woo<len inclosure which contained a skeleton. I found 
the grave to be 3J feet deep, inclosed on the sides with split redwood 
planks, trees of which are found on tbe shores and river-banks as dril'f - 
wood. Between these was laid the skeleton, with legs drawn up; the 
tatter encircled by the outstretched arms, in such a manner that tho 
bones of the hauds were mixed up with those of tbe feet. II icag lying on 
the hack, face up, and turned toward the aouthtceat, (Fig. G, &.) Over the 
Fig. e,b. 



head was a cross board, resting on tbe inclosing planks, leaving only one 
inch of clear space between it and the sknil. The cross-board was 
weighted with heavy stones, which bad been obtained on the sea-sliore. 
Tbe other part of tbe skeleton was unprotected, and closely packed in 
tbe soil. 
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Aboat three 1*661 fartber ou I fouud a second grave similarly fonoed 
witb also a t^keletou iti esactl; tbe same position, with tbe exception 
tbat tbf (irawn-up ktiees bad l>eeii pressed toward tbe right side, auil 
that the bead-boai-d, being decayed, had'fallen down so tbat the heavy 
stooes were resting ou the skull. The mouth was wide o]ieu, with a 
round atone sticking in it, which might have been pressed in when the 
head-board fell. Close to tbe side of the first skeleton lay an inipleineut 
of bone, (No. 208,) of which some few pieces were lost, either before 
interment or through tbe hasty manner in whioli tbe search was made, 
as 1 (lid not wish to awakeu the suspicion of the natives, aud, further- 
more, time was precious to mo. 1 found nothiug worth meutiooiug in 
tbe soil about the skeletons. It was mixed with broken stones, which 
appeared to have been ciposed to tire, such as I bare found freijuentiy 
below the suffacc, mixed also with pieces of Hint, bones, shells, &c. 
About one foot above tbe skeleton I found tbe handle. No. 269, aud 
about the same distance below the surfiice the fragment of clay-pipe 
So. 242 ; but it appeared to me that the two last-meutioned ones had 
been deposited in this place accidentally. 1 do not share the opinion that 
the implements fouud in the grave of the former owner of the soil bwA 
been purposely broken, as I found iu well-preserved grd,ve8 different objects 
in a sound conditiou, mingled with the broken implements; I observed the 
imsitioa of the latter, and always found the fitting pieces together, from 
which it became evident tbat the pressure of the earth ot other accident 
had caused their breakage after they had been bilried. I think that 
atthis place numerous otherskeletons might be found with little trouble. 

Here J must further remark that on the Bald Mountain, which ia on 
tbe left bank of the Chetko River, nbout five miles from its mouth, and 
which is about 3,000 feet high — beiug the highest mountain in this 
vicinity — there are said to be various kinds of stone implements, among 
which are those which, in former times, are reported to have been used 
by a mediciae-mun iu his superstitious rites. I give tbe tale for what 
it may be worth. 

XdtS-netSa, (Lone Ranch.) — If we folloy the coast-trail three miles 
pi a northerly drection, we come to a side-trail where a way-mark 
jioiuts to Lone Ranch, which in about six miles from Chetko, Mr. 
(Jresswell is the owner of this laud ou which the debris of the former 
inhabitants is lying in great quantities. At a measured depth of 28 
feet I saw gigantic bones of ditfereut kinds of animals. In tbe lower 
layers tbe shells and boues are completely decayed, and have been 
chauged into a dark ash-like soil. There is much of interest here, but 
my two visits were of short duration, and I was prevented from making 
measiiremeiits of bones and skulls as I should like to have done. These 
heaps are the oldest that I have seen. The soil is too sandy and too 
dry for even a shrub to grow ou the large hill, which is near the house. 
Opposite the creek are the depressions marking the sites of former hnts 
still plainly visible, bat the quantity of shells is small. About one railf 
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aontbward there are other sbell-beapa on a small saud-liill. (This U 
the locality where the fine obsidian kuires were fonnd, which are iu a 
private collection at this place.) 

Fii;. IT. 



Chctl-c-fhhi, [Big Kovk, now CrookU Point, Figure H.) — Abont 
three utileij from the uoutb of Pistol Kiver and six miles from 
(lie prominent Cape Sebastian southerly, there ia a flat ijoint known 
as Crook's Point. Southwest of this is a rock, separated from a group, 
which is made prominent by forming a very picturesque arch. After 
this rock the deserted homestead of the Indians was name^l. If from 
this point we follow the bluff on the left side, (t. e., northward,) we find 
Hint splinters and shell aud bone i-emaius in large quuutities up to a 
place where a small creek crosses the path ; tfaence the d4bru is found 
ill single heaps along the sands toward Pistol Kiver, In a place where 
tlie latter makes a strong eddy, there has been an important rancheria, 
aud there I found the flne.st arrow-heads. A little farther up the river, 
between the sand-hills, there are yet found remains of the "fort" oi 
1S5C, of the time of the Kogue River war. Between Crook's Point and 
this place it was evident that battles had been fought ; for along this 
distance the finest assortment of arrow and spear beads was found. 

If we now cross the river aud mount the plateau of the right bank, 
we find, immediately in tbe angle formed by the bend of the river, where 
in former times was a settlement, excavations, which stretch for 100 
yards beyond Dolau's house, and of which the remains then suddenly 
cease, appearing again In small numbers at a place near the cape. 

South from Crook's Point lies Kbnst-S-netS, a depot'it of great extent, 
bat I bad not even time to give it tbe slightest examination. Kiglit miles 
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north of the cap^, at the month uf Rogue Giver, there 13 another 
iuiportaut Oeposit, which I also could not visit for want of time. 

The skull, No. 290, I found near Big Lagoou, nine miles north from 
Trinidad. Kidtng pi)8t the nearly deserted camp of the Big Lagoon 
Indians, I saw the sknll projecting from the bluff nod picked it tip. The 
ribs and skull were ox|K>6ed, aud the position of the skeleton was recog- 
nizable. It l.iy on its back, face upward, and turned northeastward. 
Besides this, I found three well-preserved skulls lying on the surface, 
but I bad no room for their transportation. 

Had I the means to explore the above-mentioned Kjokken-Moddings 
for say two montlis, following them up as far aa Port Orford, I am 
certain that material enough could be found to fill a cabinet. 

PLACES WHEBB THE DIPFBBENT IMPLBMBNTS WERE FOUND. 

Cft«(Ao.— Nos. 208, 242, 247 to 249, 259, 209. 289. 

Lone Ranck.—ySos. 234, 230, 250 to 252, 255. 

Crook's Point— ^os. 97 to 99, 105 to 107, 190 to 205, 210 to 214, 216 to 
^29, 240, 243, 240, 260, 2C2, 263 to 268, 270 to 287. 

Near Old Fort of 1856.— Nos. 102 to 104, 108 to 112, 1 18 to 120, 127 to 
135, 209, 215, 230 to 233, 237, 241, 244, 245, 261, 291. 

ZtolflH.— Nos. 100, 101, 113 to 117, 121 to 120, 130 to 189, 206, 207. 235. 
i38, 288. (Examine 165.) 

Big Lagoon.— J^os. 2o3, 2.'>4, 256 to 258; 290. 

0(d Fort and Crook^s Point.— ^os. 1 to 94. 

NAMES OF SHELLS. 

No. 292. Mytilus cali/ornianus, Conr. 

293. Tapes ataminca. 

294. CartHitm N^uttallii, Conr. 

295. Hinites gigant'eits, Gray. 

296. fitttmlella Californica. 

297. Pkoiadidea penita. 

298. Purpura lactttca. 

299. Purpura septentrionalk. 

300. Pelricola carditoides, Oour. 

301. ytachara patula. 

302. Biilimiis. 

(Pursh, fol. l,page 141, &c.) 
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By Dr. C. H. Berrndt. 

Tbe Eev. Alexauder HeiiderBon {Belize, British Honduras) hasseut 
me the grammar and dictionary of the Carib, or Karif, langiiage, of 
which I have written you before, aud I have tLe pleasure to present it, 
in tbe author's name, to the In8titution,reque8ting that your acknowledg- 
ment of receipt may be sent to him. He expects to receive a hundred 
copies for himself, if it is published by the Smithsoaian. 

This language is spokeu by the descendants of the Indians and half- 
breeds brought by the British government in 1796 from the island of 
Saint Vincent to Baatan, whence they soon spread over the coast of 
Honduras and the British settlement in Yucatan. Their actnal number 
is estimated at about ten thousand, living in larger or smaller commu- 
nities, and working generally in the wood-cuttings of that coast. Thongh 
nominally Christians, they still retain some of their ancient customs, and 
are particularly adverse to monogamy. 

These Caribs, or Earifs, as Mr. Henderson spells tbe name, and accord- 
ing to tbe mode in which they themselves pronounce it, (Karifune,) were 
of the original West Indian Garib stock, but had become mixed with 
negroes from an African slaver, wrecked on the coast of Saint Vincent, 
They afterward were distinguished as red (or yellow) and black Caribs, 
according to their similarity in color to one or the other pareutal race. 
Their island having been alternately under French and British dominion, 
ihe lauguage of !.be natives became mixed with many French and some 
English elements. It is asserted that it contains also some African 
admixture. After their arrival on the Honduras coast, these Caribs hare 
further adopted a number of Spanish words, and it is likely that a few 
words of their actual language, corresponding with their equivalents in 
Central- American languages, have been introduced in the same manner. 

Of this language, very little bas become known. Colonel Galindo has 
given a brief vocabulary (seventeen words, and the numerals from one 
to ten) in the Journal of the Royal Geographical Society, (1833,) and the 
author of the present work has printed in Edinburgh (1847) a transla- 
tion of tbe Gospel of Matthew. His missionary life among those people 
enabled him to comimse the grammar and dictionary of that language, 
which is of interest, not only because it is spoken by a useful und numer- 
ous tribe of our continent, but particularly as an object for the study of 
tbe transitions in langnages which are inflnenced by admixture from 
other languages of an entirely different character. For these reasons 
I believe that the publication of this work will be found advisable, 
though in its present shape it is not exactly fit for that purpose. It is 
but natural that forty years of life in the tropics show their influence in 
a septegenarian. A cert-ain prolixity and some want of order in the 
arrangement must be attributed to this canse, bnt it does not impair 
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the intrinsic value of tbe material. If it were decided to print this 
work, I would suggest a re-arraDgemeiit, bringing under tbe same head- 
ings those articles that naturally belong together, but are scattered here 
through the -whole work, aod leaving out those niiroerons grammatical 
forms, which unnecessarily swell tbe dictionary, as they result &om the 
rules and examples given in the grammar. I bave made such new 
arrangemeut for my own use, and shall prepare a copy for tbe Instita- 
tion, if 8ucb be deaired. 

With regard to the preface, (pp. 339 and 340 of the eighth volume.) 
I may be permitted to say that tbe autbor'H conjecture concerning a 
Maya-origin of tbe Caribtribe is not borne out, either by history or 
by philological comparison. It is this, a pet-tbeory of later date, which 
lias even induced the author to confound the Maya-population north of 
Belize with the Caribs living southward of the same place. He writes 
to me himself that those Karifs, seveuty-flve miles north of Belize, 
" speiik the Maya-language," and that they discard the name " Oaribs," 
while hi.s dictionary, which was certainly made among the Caribs south- 
ward of Belize, has the woiiis Kari/iine for Carib, and Kariniazv for 
Ked Caribs. 



T!1E MOVUD-BIIILDERS AND PLATTCNBHISH IN MIGHIdAX. 

Br Henrt Giij.mam. 

Throughout the region of the Great Lakes occur many of the most 
iuteresting relics of the race known as the "Mound-builders." Even 
as far north as the State of Michigan, so large a portion of the bound- 
aries along the shore-line of the lakes and rivers of the region abouuds 
in the jiresence of those remains as to be a subject of wonder to 
all who have investigated the subject. From the wost end of Lake 
Erie, along the banks of the Detroit River, tbe shores of Lake Saint 
Clair, and the coasts of Lakes Huron and Michigan, through tbe passage 
of the Saint Mary's River, to Lake Superior, inclndiug isolated Isle 
Boyal, near its northern limits, the remains of the mysterious people, 
who resided here hundreds of years ago, may be traced. 

Some of those relics may, indeed, lie said io be uuiqne — unlike any- 
thing of the kind in any other part of this country or even in the Old 
World. I refer, for instance, to those which' exhibit the flattening of 
the tibia, known as platyenemism. 

That these'peopie are identical with the race whose monuments of 
various descriptions are found occurring in such remarkable abundaucv 
to tlie westward aud to the southward, through Ohio, Kentucky, and 
Tennessee, even to the Gulf of Mexico, admits uow of no question ; ;i 
race wb6se craniological development and evidently advanced civilizn- 
tion apparently separate it from tbe North American Indian and ally it 
to the ancient Brazilian type. 
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One of tbe most interestiug iroiks of this regioD, and wliich, till a 
few years ago, formed a member of a nmneroas series of mounds in tbe 
immediate vicinity, is the tamulns which I bave named '■ The Great 
Mound of tbe river Bouge." This, in many respects, remarkable work 
is sitnated on the eastern bank of Kouge River, a tributary of the 
Detroit, and near tbe point of juDction of tbe former with the latter 
river, or &bout four and one-half miles from the city-hall in Detroit. 
(See Fig. 1.) 

Fig. 1 



Great Moinid, lUver Rouge, 



Circular Houod, Detroit Ri^-cr, 
Mich. 




ONTARIO 



TigiiaiK Id. 



Tbe size, shape, and well-defined outlines of tbe monument could 
hardly fail to attract the attention of even tbe superficial observer, and 
impn-s3 bim as to its being the work of man. With a height of 20 
feet, it must originally have measured about 300 feet in length by 200 
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feet in widtb ; bat large quautities of sand have been removed from it 
froiD time to time, greatly reducing its proportions, »nd 8catt«iing or 
destrojiug a large number of interestiDg relics. 

Tbe series of smaller mounds, extending from the great moand to tbe 
eastward, has long since been entirely removed ; so has the greater 
number of other similar mounds whicb once stood immediately below 
tbe southern city limits. Those which remain are fast disappearing 
before the march of civilization, the sand, of which they are principally 
composed, being iu demand for building and other purposes. 

Indian tradition says that these mounds were built in ancient tiuae^ 
by a people of whom they (the Indians) know nothing, and for whom 
they have no name; that the monnds were occupied by the Tnetle 
Indians, and subsequently by tbe Wyandotts, but were constructed long 
before their time. These facts were ascertained by me iu the year 
1869, when I was further informed that tbe Tuetle Indians had been 
absorbed by tbe Sis KationB, and that if any survived it is among them 
they must be looked for. 

In this connection it may be proper to state, that I have latfly beeu 
iuforuied of the results of some inquiries made at my request, through 
the iustru mentality of the Smithsonian Institution, iu regard to tbe 
name Tnetle. The conclusion arrived at is that tbe word Tuetle is 
jtrobably a corruption of Tutelo, a tribe, " admitted as a younger mem- 
ber of the confederacy of tht) Six Nations about the middle of tbe last 
century," and that the TuteIoes"are believed to have migrated from 
Virginia northward, to lands assigned them on the Susquehanna by tbe 
Six Nations; bu' very little is kuown of tht-ir early history and migra> 
tions." An interesting pa|>er on the Tuteloes, by Rev. J. Anderson, 
was read before tbe American Philological Association in July, 1S71, 
Be^Kirting Mr. H. Hale's discoveries, this assigns the Tuteloes to the 
Dakotan aud not tbe Iroquois stock, and gives an account of Mr. Hale's 
" visit to Kikuugha, the last survivor of the tribe of the Tuteloes," and 
who has since died at the age of one hundred and six years.* 

Tbe establishment of the identity of the Taetles with the Tuteloes, 
aud their residence on these mounds and along the Detroit Eiver, is not 
without value, in view of Mr. Hale's opinion, (opposed to the conclusions 
of others regarding tbe Dakotan migration,) that "in former times tbe 
whole of what is now tbe central portion of the United States, from the 
Mississippi nearly tu the Atlantic, was occupied by Dakotan tribes, 
who have been cut up and gradually exterminuteil by tbe intrusive and 
more energetic Algonkins and Iroquois." 

The relics exhumed from the great mound (which has not even yet 
been thoroughly explored) cousist of stone implements, such as axe.% 
8crai>ere, chisels, arrowheads, aud knives; fragments of pottciy of a 
great variety of pattern, including the favorite cord-pattern; and tbe 



' Pruceudiugs of American Pbilulogical Aaaoeiatiou, July, 1871, )ip. 15, lii. 
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boDM of man, geoerally much decayed, aod exliibiting other iadicalieus 
of antiquity. From the fragments of burned boues and charcoal found 
it would appear that in the earlier interments cremation was practiced. 

The tibicB present, in an extreme degree, the peculiar flattCDing or 
compression pertaining to platycnemic men. In the Fourth Aunniil 
Report of the Peabody Museum mentioD is made of this ; some of the 
relics which I collected from this mound having been given to the 
lunseum by the Hon. Robert C. Winthrop, to whom I had presented 
them. The curator, Professor Wyman, says: "Of the tibia of forty 
individuals, from the mounds in Kentucky, one third presented this flat^ 
teniug to the extent that the transverse did not exceed 0.C0 of the fore- 
and-aft diameter. The most extreme ease was from the mound on the 
Biver Rouge, in Michigan, in which the transverse diameter was only 
0.48. lu the most marked case meiftioned by Broca, viz, in the old man 
from Cro-MagDon, France, it was, as deduced trora his figures, 0.60." 
Professor Wyman draws attention to certain resemblances in this bone 
to the same bone in the ape, adding : " In some of the tibia the amount 
of flattening surpasses that of the gorilla and chimpanzee, in each of 
which we found the short 0.67 of the long diameter, while in the tibia 
fi-om Michigan it was only 0.48,''* 

Subsequent to this (in 1S70) I discovered in adjacent mounds several 
instances in which this compression of the tibia was exhibited to even 
a greater extreme. Two remarkable cases of this peculiarity were 
afforded by iibice taken by me from the " Circular Mound " on the Detroit 
River. Id one of those unique specimens the transverse diameter of 
the shaft is 0.12, and in the other 0.40, of the aatero-ponterior diameter ; 
exceeding, I believe, any platycnemism which has been observed before 
or since. In communicating these facts to the American Katuralist, not 
long afterward, I claimed that the last- men tioued case '* may be consid- 
ered as the flattest tibia on record."f Both of the bones are strongly 
marked with the saber-like curtature, as are also many others of the 
tibia from the vicinity. The majority of the tibia present the flattening, 
which is an exception to the facts as noted in other sections of the 
Duited States, where it is supposed to pertain to "only about one-third 
of all the individuals observed." 

About three-quarters of a mile to the north and eastward of the 
Great Roage Mound, and only a fevr hundred leet to the westward of 
Fort Wayne, being over a third of a mile from the shore of the Detroit 
River, occurs the monument which I have named for distinction and 
from its originafly symmetrical shape "The Gi-eat Circular Mound." 
This also appears to have been one of a numerous series, many of which 
have been removed for various purposes, but the present occupation of 
the land prevents a satisfactory examination of its character. 

■ Fourth Annual Report of tlw TruBtotaof (bu I'ou body Museum of AiUMicau ArcInB- 
ol(^ and Klhuolujj;. Uoutou, lt<Tl. 

t Americnii NatarallBt, October, laTl, vol. v, p. HiiS. 
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A few yeara ago a great part of tbe mound was removed, aod some ira- 
portau t results were obtained, the relics beiug of unusual interest. Bleveit 
skeletons were eslionied, with a large number of burial vases; stooe 
implements id great variety and of superior workmausliip, consisting 
chiefly of axes, spears, arrow-heads, chisels, drillers, and sinkers; pipes; 
oroameuts of shell and stone; also, a peculiar implemeot of uukaown 
use formed ftx>m an aotler; aod two articles manufactured from copper, 
one tbe remains of a necklace, cousistiug of a uumber of beads; tbe 
other a needle several iuches iu leogth. 

One of tbe skulls is noticed by Professor Wyman as remarkable for 
its diminutive size, though Rdalt, its capacity beiug only 66 cubic inches, 
or less tban 67 per ceut. of that of the average Indian cranium, which 
is given as 84 cubic inches by Morton and Meigs, the miuimum observed 
by them beiug 69 cubic inches. ^ speaking of this skull. Professor 
Wyman says: "In ordinary sknils the ridges of the temporal muscles 
on the two sides of the head are separated by a space of from 3 to 4 
inches, seldom less than 2, while iu the Detroit-mound skull this space 
measures only three-quart«rs of an inch ; and iu tbis respect it presents 
tbe same conditions as tbe skull of a cbimpnuzee.''* 

It is interesting to remark bere that *' tbe flattest tihifs on record,*^ 
already referred to, were taken by me from this mound. I regret t« 
have to add that in tbe rude method pursued in opening this mound 
many choice relics were destroyed; a large number also were carried 
away, scattered, aud lost. 

In the following table I give the dimensions of a few of the tibia, of 
which I was able to obtain measurements, from tbe great mound on tbe 
Bonge Biver and tbe circular mound on the Detroit River. All tbese 
bones have more or less saber-like curvature : 

Tablk I.— DimetistoHS, if-C; of tibitefiom Ihe Bouge and Detroit Jiirera, IHkblgan. 
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' Sixth Annaal Report of the Trustees of the PealinilyMascuni of AiuertcanArchinxl' 
ogy and Etbnology. 1873. Americau Jounial q( ScIudcu and Arts, third series, val 
vtl, p. 1, January, 18T4. 
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la this table the latitudinal index expresses the amount of the com- 
pression of the shaft, while the perimetral index tepreseuts the thick- 
Dess. 

In this connection I wish to call attention to the fact that the perfora- 
tion of the kumertu is a characteristic which I have observed to pertain 
to the platycnemic BpecimenB from the river Konge mound. This is of 
fcreat ioterest, as the peculiarity referred to is most frequently met with 
in the negro race, has also been observed in the Indian, and, though 
not always present, is quite general in the apes, while it is seldom seen 
iu the white races. 

The ridge on which Fort Wayne is bnilt, once nearly a mile in length, 
on the bank of the Detroit Biver, and which occnpiea a commanding 
)>08itioo, was, I am satisfied, previously occupied by the ancjent people 
we are discussing. Their bones and implements have been dug out at 
that part of the ridge immediately above the fort. The leg-bones from 
thiti point also exhibited in a remarkable degree the flattening. 

It is to tw regretted that various circumstances prevented my obtain- 
ing Id many instances the dimensions of the bones; otherwise I should 
be able to present an array of facts still more valuable. 

Though the stone and other implements from the upper lakes cannot 
in general boast of the high degree of ornamentation observable in 
those relics from the southern portion of the United States, yet there 
are not wanting specimens evincing considerable cultivation in this 
direction. The diCBculties of manipnlation involved in the material 
used prevented the indulgence of much art. The pottery, therefore, 
seems to have been chosen especially for a display of such taste as 
those primitive workmen possessed in this field. The objects of this 
material from the lake-mounds present a remarkable variety of devices. 
Fig. 2 



Stone Pipe ftom Grosse Poltit, I.ake St. Cluic, '' 

Michigan. Hiilf size. 

Figure 2 is an illustration of a stone pipe from Groase Point, Lake Saint 
Clair, Michigan, which, as an object of this kind, is worthy of some admi- 
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ration. Though vanting iQ symmetry in its details, in its general ap- 
pearance it is almost elegant, acd area gracefal. It is formed of green- 
stone, and is beautifully polished ; the workmanship, as a whole, dijjplay- 
ing mach skill. This singular relic is in perfect preservation, vitb 
the exception of that part of the base, the restoration of which is 
att«mpted to be shown by the dotted lines. Of the bow], which in 
shape resembles a half-dosed tulip, a small portion is also wanting. 
The date, 1697, inscribed on one side of the base, is of interest. The 
antiquity of the pipe is in my opinion much greater than this would 
implj'. Sach relics are highly valued by the Indians, and handed down 
&om generation to generation. The date of tbe settlement of Detroit is 
1701; bnt the Jesuits and other white men had already penetrated to 
this region many years before. It is possible that some white person of 
note may have been presented with this pipe by its Indian possessor 
as a mark of respect, and that tbe former cut the date on this already- 
antique object. The four numerals, though distinct, are yet rudely cut, 
and are in marked contrast with the rest of the carving, being evidently 
the work of another hand. 

Tig. 8 



BHIDl 



SecUoD-otbaM, showing obttqaolrarlnga. ilc 



A stone ornament trom tbe same place is shown in Fig. 3. Tbia is 
formed ftv>m a beautiful piece of variegated slate, of a grayish green, 
interstratified with veins of a darker shade, and is neatly made and 
finely polished. Similar ornaments have been found througbont tbe 
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United States ; aad as there has been ooQsidersble discnssion as to their 
use, I will here state that I have learned, tiuongh an aged Indian, that 
in olden time these oraameota were xtom on the heads of Indian 
women, bnt only after marriage. I have Uionght that these pecnliar 
objects, which are always made of some choice material, resemble the 
figure of a brooding bird; a familiar sight to the "ohildren of the for- 
est ;" that thus they are emblematic of maternity, and as sach were 
designed fwd worn. 
Fig. 4 

Hounds at the Head of St Clnlr lUver, 
and on Black River, Michigan. 
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In the year 1872 I made the discovery of one of tlio mont rcmnritable 
and extensive series of tumuli which are known to exist in thiu part at 
the lake region. I refer to the monnds situated at the head of tlie 
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Saint Olair Biver, and which extend from a point soath of Fort Gratiot 
for abont one and one-lialf miles northward, along the veat shore of the 
river and of Lake Hnrou. [Fig. 4.] A collection of a large Dumber of 
relic8 was made by me Irom the loeation, and were forwarded, accom- 
panied by a report on the anbject, to the Feabody Mnseum. Hy paper, 
embodying the principal facts, snbseqaently formed a part of the annual 
report of the tmst^es,* and was afterward copied into Hcveral of the 
leading periodicals of the country, including the American Joomal of 
Science.! The general publicity thus given the discoveries preclade« 
the necessity of more than a passing notice here. 

Those namerooB moauds are, with few exceptions, of similar charac- 
ter, and were largely naed for burial purposes. One of them presented 
some features distinctive i^f the " refuse-heaps" of our Atlantic coast 
and of the North of Europe, a wide area at one end being covered with 
" a solid cmst of black ashes, &om eighteen inches to two feet thick, 
containing the bones of various animals used for food, broken pottery, 
and stone implements.'* 

The relics from the mounds, in addition to tho»e usually found, con- 
sisted of an extraordinarily large number of broken stone-hammers of 
the rudest kind ; a plate of mica five by four inches ; and two necklaces, 
one made of small bones, stained a beautiful green color, resembling 
enamel, the other composed of the teeth of the moose, alternating with 
well-wrought beads of copper ; and the boneti of birds, stained green, as 
in the first instance. Intbe moi^ud contaiaiug the last-meutioaed 
ornaments several interments had been matle, and the decayed stamp 
of a scarlet oak, (^Mcreiw oocetnea Wang,) two feet in diameter, sur- 
monoted the summit, the roots spreading above the contents in all 
directions. 

The hnmao bones were all very tender from decay, and Id most 
instances crumbled to pieces. All the tibitB noticed by me exhibited 
the characteristic platycnemio compression. In dwelling on thiscir- 
cnmstance, in connection with my previous discoveries in the same 
direction, I may remark that " I cannot bnt believe, from what I have 
seen, that future investigation will extend the area in which this type 
of bone is predominant to the entire region of the great lakes, if not 
of the great West; or, in other words, that at least the northern 
^mound-builders' will be found to have possessed this trait in the 
degree and to the extent denoted ;" which prediction recent discoveries 
in Wisconsin and Iowa would seem in a fair way to fulfill. 

In the following table I present an exhibit of a few of the tibia; 
though I am convinced they do not show the extreme cases of com- 
pression occurring here, as most of the flattest bones tell to pieces 
before they coald be measm:«d. But snch as it is, even, it is valuable, 

* Sixth ADDual Report of the Trustees of tbe Peabody Mmenni of ArchtBologr imd 
Gtbnolog;. Boston, 1873. 
t American Joaniol of Soienc* and Arto, 3d aeries, yol. vii, pp. 1-9, Jkntiary, 1674. 
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as a proof of the prevaleQce of this strange peculiarity. The mooude 
here aod those on the lUnige Biver are over 60 mitea apart. 



Tablk U.—Di»i«iuioiit, 4a., o/tilnafiom thi head of Ike Saint Clair Biver, Midiigan. 
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These iibias were all taken ftom moDocI Ko. 3 of the report; which see 
for additional information of interest. 

Od the west bank of the Black Biver, a tribntaiy of the Saint Glair 
River, is a barial-monnd, which exhibited some annsual features. 
[Fig. 4.] A road having been cot throngh the easterly slope of this 
monnd, the excavation coneeqaent on grading, &c., revealed a large 
number of bnmaa bones, pottery, stone implements, and other relics. 
Stooe-lance or spear-beads of great length were taken oat, two of thent 
being over a foot long, and one sixteen inches in length. Bnt the most 
interesting featnre of this repository of relics was a grave, the interior 
of which was described to me as being lined with pottery similar to 
that of which the vases, pots, &o., are formed. This was so peculiar a 
circnmstance, no other instance of the kind having come to my knowl- 
edge, that at first I considered the statement rather doabtfnl. But not 
long after I availed myself of an opportunity of visiting the locality and 
making an examination. 

Though the construction of the road throngh the mound had destroyed 
most of the original features, and scattered a multitude of valuable ly- 
main8,furtlierexcavation revealed a considerable quantity of fragmentsot 
the potteryabovereferred to ashaving been said to have lined tbe grave. 
This certainly appeared (o confirm the statemeot. 1 found this pottery 
to be of rather a coarser description thau usual, and marked abuudautly 
with the cord pattern, found to be of such frequent employment ; but in 
this iuKtance maile with a large cord or small rope. The side so or:: :- 
mcnted was invariably concave, while the other side was convex :i:!«I 
unsmoothed; diflereut from any other specimens I have seen else\vL"j>'. 
So rough and unfiuishcd was the unornameuted side, that it had n\\:y 
appearauce of having been pressed upon the ground while yet pUs^t; ■, 
and sand, and even small pebbles, adhering to it sustained this imp;- s- 
eion. After having viewed the evidence, I had no longer anygici.t: 
difficulty in receiving the statements previously made. 

My chief inforiuiuit was perfectly uneducated in such matters, u.ul 
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even attribnted the peculiar formation lining the sides of the grave 
to the coagalatioD and final hardening of blood, accoanting for its pres- 
ence in snch large qnantity by presnming a battle to have been foaght 
in the vicinity. 

The few fragments of human bones which on this occasion were 
exhumed with the pottery vere in the last stages of decay. 

A large mound, which stands near the northwest shore of Chambers 
Island, in Green Bay, Wisconsin, I have thought worthy of mention 
here from having been the burial-place of platycnemic men, and as 
belonging to the lake region, though lying outside of the State of Mich- 
igan. It has been explored by a friend of mine of much experience in 
such operations, and I have bad opportunity to examine the contents. 

The accompanying sketch [Fig. 5] sufficiently shows the location, 
sorrouudings, &c., of this monnd, which unquestionably is of great ag«. 
Among a large number of relics of the description generally foand in 
the burial-mounds, there were exhumed here human remains, mostly in 
tiie latter stages of decay ; a fiew mde stone implements ; an nrn (pro- 
vided with a lid) of the old pottery, of uncommon design and curiocs 
indented pattern, formed largely of curved lines in a sort of scroll-work ; 
and a broad, pointed copper-knife, well wrought, and resembling those 
found in the works of the " ancient miners " of Lake Superior. Frag- 
ments of prepared hide, like rough leather, adhered to the knife; prob- 
ably the remnants of a rude sheath. One of the skulls, iu &ir conditioi^ 
presented decided indications of artificial fiatteniog, while the tibuE at. 
exhibited the peculiar compression already referred to, though not to 
the extent found to pertain to the ttbim of the mounds along the 
Detroit, Bouge, and Saint Glair Birers. The bones of oue of the earliest 
of the interments gave unequivocal evidence that cremation had been 
practiced here. Large pieces of charcoal, well preserved, remained in 
the vicinity of the burnt bones. 

The annexed table gives the dimensions of some of the fi&uc preserved 
from this mound, from measurements which I have carefully made. 
The platycnemism of those bones is of importance, as still widening the 
area over which the peculiarity prevailed. 

Table III. — Dimmnimi, ^., of Uhi(B/rom Chamben Itland, tn Grten Bay, fFiNOuia. 
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The moand shown on the Bontbwest Bide of Cliambers Island [Fig. 5] 
was noticed and partially examined by me several years ago. It vas 
then mach nndermined by the waters of Oreen Bay ; the contents, prin- 
cipally human bones, being somewhat exposed by the giving way of the 
high bank. I have lately learned that within the last few years this 
moond has totally disappeared, owing doabtlesa to the canse jnst 
refierred to. It belonged unqnestionably to the larger class of burial- 
monnds, and was probably of like age and origin as the monud at the 
northwest end of the island. 



duunbers Tdao 
"Wlsco 



In this connection it ia of importance to refer to the late discovery by 
Mr. Dawkins of platycnemio men at Pertki-Ckwaren, in Denbighshire, 
Wales, and to Prof. G. Bosk's valuable notes on those ancient remains.* 
Professor Bnsk and Dr. Falconer were the first, I believe, to call atten- 
tion, in 1863, to this particular conformation of the leg-bone In the 
* Jonniftl of the Ethnologioal Society of London, Jukuuy, 1871. 
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humaD retnaius from the care on Wind-mill Hill, Gibraltar,* giving to 
iC the name of " platycnemic." M. Brova, iOfMay, 1864, independently, 
observed the same condition in tibite from Chamant and Malntenon, in 
France.t 

Similar bones were noticed at Montmi^re, by M. Bertxand. Frofessor 
Wyman foand the same pecniiarity in tUtia from the Florida mounds, 
in this conntry, and it was through the last-named gentlemaD that my 
attention was called to the subject, some bones which I bad procored 
from the mound on Bouge Biver, in Michigan, first establishing the 
fact that this platycnemisiu was a characteristic of the northern tribes 
of aborigiual man ou this continent. Discoveries of flattened Ubia have 
also been made in Kentacky and Tennessee; while the mound I have 
mentioned as occurring on Gbambers Island adds Wisconsin to the list; 
and I have lately been informed of like discoveries having recently boen 
ja&de at Davenport, Iowa. 

The following table gives the proportions of the tibite from Deiiblgh- 
shire, as taken by Professor Bask, with slight correctioDS, which I have 
made in revising the compatatious : 

Table IV.— i>i>n«it«{on«, ^, o/ iiliia from Pirlhi-Chicaren, Wake. 
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As before esplained, the latitudinal index designates in each instance 
the amount of dattening of the bone ; the perimetral index represent- 
ing, with some approach to exactness, the thickness or bulk of the shaft ; 
and on a comparison of the preceding table, giving the proportions of 
those ancient tibm from Wales, with the tables in which I have given 
the dimensions of the tibia from the mounds on the Detroit and Eoiigt 
Rivers, the greater platycnemism of the latter bones will at once be 
appareut. 

A further comparison with the normal form of the ordinary English 
tibite is afi'orded by the subjoined tiible, ])rei>ared by I'rofessor Bn.-!;. 

"TraiisactioiiHof tliB Iiitci'iiulioua! t'oiifjiv?'^ ol' 



^s sill- les o^» 






ivliistoric ArcliH'uIogy for I'^'i- 
lli'lii|ili(E AquitnuicT, p. '^7. 
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'Thich gives the dimeasioDS of "thirteen leg-boces taken indiscriminately 
irom a drawer in the College of Surgeons, London." I have made a few 
corrections, however, in re-compating ^m Professor Busk's elfaments 

Table V.—Dimmiioti*, fe., of ordinary EnglUi HMm. 
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While the tibue from the Detroit aod Bonge Bivers show a degr^ of 
pi a t f cue m ism somewhat in excess of that of the HbiiB from the head 
of the Saint Clair River, the latter have more of this peenliarity than 
Ihe Chambers Island specimens, which, in turn, have this compression 
to an extent slightly greater than the hones from other (more southerly) 
parts of the United States, as given by Wymau ; the la«t mentioned 
Iieiug of about the flatness of the Welsh bones fh>m I'erthiChwaren, 
which, as we have seen, are much flatter than the ordinary English 
tibitv. 

The dnta for determining the perimetral indices are in some cases 
hardly sufficient for establishing any positive statement; but, at least 
ill the American and Welisb tibia;, the slendemess of the bone appear.^ 
to be related in some degree to the flattening^ i. e., the more platyc- 
uemic Ubiw (taking the means) are the more slender. In individual 
instances, however, this does not hold good. The ordinary English 
(jftiVr, it will be noticed, are jiot so thick .ts the Perthi-Cliwaren speci- 
mens, but irt this respect come between the tibia- from the Detroit and 
Kouge Rivers and those from the Saint Cltiir. Excepting the libiw 
from Chambers Island, a remarkable uniformity, it will be observed, 
exists in the means of the " transverse diaiiietcrs of the proximal end ;"' 
and the same may be said of the '"least ciirumferences." In length the 
Drdinary English tibitr (modern) are in excess; the Michigan and Wis- 
consin sp«cimen9 come next ; while the ancient W'elsh tibitc are much 
the shortest. 

For convenience of reference. I ajipend a table exhibiting a compari- 
son of the mciiiiH of the ditfcroiit tables alreLidy given. 
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Table VI.— if«aiM of t\e dltnmtiott*, ^-e., of tibia. 
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I re&aiQ from indulging in any extended dednctioDS 'wbicb will nata- 
rally be suggested bj the comparison of tbe different tables bere giren. 
Professor Busk and M. Broca have pointed out so fully tlie Tarioos 
relations of tlMS conformation of the leg-bone as to lea,ve little room for 
general comment. 1 would simply add, that the platycuemism wliich I 
have observed in Michigan all appears to belong to what is termed 
" anterior ;" that is, this abnormal expansion of the bone is in front of 
the interosseous ridge. Id this respect the Michigan specimens resem- 
ble the tibUe ft'om Denbighshire rather than those from Gibraltar and 
ik»m Cro-Magnon ; hi the two latter instances the expansion being pos- 
terior. "The occasional and not infi^qoent platycuemigm observed in 
the shin-bones of negroes," Mr. Busk states, "is what may be termed 
' anterior.'" He is not prepared to discuss what this diOerence may indi- 
cate, thongh he considers that, "in all probability, it is connected with 
a difference in tbe cause of the deformation, (if it be deformation.)" 

As to the ethnological valne of this platycnemism, he considers " we 
are as yet very much in the dark," doubting the probability of its being 
a race-character, " thongh it may nndonbtedly be considered a character 
betokening remote antiquity." Af^er referring to certain distinctions 
between the human and tbe simian foot, he concludes with asking : 
" Woald it not, then, be admissible to inquire how far, at any rate, pos- 
terior platycnemism may be connected with the greater fireedom of 
motion and general adaptability of the toes enjoyed by those peoples 
whose feet have not been sabjected to the confiaement of shoes or other 
coverings, and who at the same time have been compelled to lead an 
active existence in a rude and ragged or mountainous and wooded 
country, where the exigencies of the chase wontd demand the utmost 
agility in climbing and otherwise?" 

Farther observations of abundant material from different parts of the 
country, and perhaps of the world, are wanted to afford tbe requisite 
testimony as to tbe ethnological significance of this pevnliarity. 

In the year 1856, 1 found a small burial-mound on the west shore of 
Ottawa Point, Michigan, (Lake Huron.) [Fig. 6.] It occupied the bank, 
close to the beach, and the washing of the lake in storms bad nnder- 
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mined it, cansing it to cave away on one side, and partially diaclosiog 
tlie contents. 

Tig.S 

Ifound at Otta-wa Point, Micbigao. 




Oq examination, nothing was found establishing for the work any 
great age. The utensils, trinkets, &c., were all of a period subseqaent 
to the advent of the white man. There was, in &ct, no point of resem- 
blance between this place of sepnlture and those of the " monud-bnild- 
ers." The bones exbnmed apparently belonged to one body — probably 
that of a woman. 

On visiting the same point some sixteen years afterward, (June, 1872,) 
all trace of the mound had disappeared, donbtless through the en- 
croachments of the lake. 
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A moand similar to tbis was seen by me at Oqueoc Kiver, Lake En- 
ron, [Fig. 7 ;j and another at Point La Barbe, in tbe Sttaits of Mackinac 
[Fig. 8.] No opportooity was afforded in either caae for a thorongb 




3fonnd, Oqueoc River, JOcliigaii. 



examination of the couteuts. In fact, such mounds are frequent all 
along the lake shore, and seem to be invariably of more recent origin 
than the firat-de^cribed works. They are generally quite small; and il 
ia observable that they are frequently situated in such places as present 
some features of natural beauty. 

At old Fort JIackiuac, opposite Point La Barbe, on tbe south shore 
of tbe Straits of Mackinac, occur several interesting mounds, (Fif:. ^.\ 
which have never to my knowledge been thorongbly examined. Long 
before the European selected this point for a fort, or even the present 
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lodiaa race had freqaented those shores, maa had here takw np his 
hahitatioDj evidence of vbich was seen in the nsaal mounds. 

Fig. 8 

Mounds Rt Old Fort Mackinac. 

Ft. La Bftrbe, Michigan. 




rao ** *"**• 






1 1 i t i t TltlliL 

When the writer, in 1851, visited the site, attractive from its histor- 
ical asBociatioDB, nothing remained on the bleak, sandy point to denote 
the original works of any of the races who had dwelt there save a few 
mis-shapen mounds aod the remnants of the pickets which once had 
formed the sally-port, near which was the stump of the flag-staff, 
projecting about two feet above ground. These last were fast being 
undermined by the waters of the straits, which washed within & few 
feet of them ; and, as in stormy weather the waves mnat have swept 
clear over them, in all probability they have long since disappeared. The 
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great maasaere and captore of the fort occnrred on Jane, 1763 ; and 
till within the last few years the place has not been occapied since ten 
years after that event. 

A remarkable series of moands occors at Beaver Harbor, on Beavw 
Island, in Lake Michigan. [Fig. 9.] lUey are ftt present chicfiy occu- 
pied by the town of Saint James, which was bnilt by the Mormons, 
nnder their leader, James Strang, ("King Strang,'*) abont the year 
1852-'53. The moands, which overlook the harbor, are extensive ; and 
thoagh, BO far as I am aware, they have never been systematically 
investigated, they doubtless present a rich mine for research. 

Fig.fl 

Moimda at Beaver Harbor, Beaver I&Unil, 
Michigan. 




2fICSTGA2r 



A very Umlted and hnrried examination which I made of them in 1871 
safflciently satisfied me as to their ancient origin. They appear to be of 
the same character as the moands on the Detroit Biver and at thefootof 
Lake Huron. They were probably largely used for parposes of sepaltnre, 
and nutil a comparatively recent period even the present race of IndianB 
has contiuaed to inter the dead, thoagh not perhaps in the same reposi* 
tories, at least in their immediate vicinity. From the suooess attaiding 
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my brief labors, it woald appear tbat the more val aed relicsof the " moand- 
bailders" hare been here deposited ia unuaiial abundance. Higbly- 
■WTonght stone implements, many of them being of uncommonly skillful 
vorkmansbip, are freqneiitly enconutered. These consist of axes, chisels, 
fieshiug-tools, sinkers, spear-points, arron^-heads, &c., formed of a great 
variety of stone, such as diorite, sienite, greenstone, shale, and chert, 
many of them being finely polished. 

One of the handsomest stonelixes I have seen was taken out at this 
place. It is made from sienite, a fitvorite material for this implement, 
and the faandicraAi displayed in its construction is of high order. An- 
other ax, of diorite, is exquisitely polished. 

Fig. 10 

Stone impUment,— Sealer Harbor Mound, Uiohigitn. 
Full size. 



© 
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Sfctlolis tX the Oiiee groove*, c-d, a-b, and. «-/, 

The implement [Fig. lOj found here, and presumed to be a sinker, I 
have thought it worth while forwarding a sketch of. The grooves shown 
at its middle and at each extremity, though shallow, are distinctly 
marked, and the entire implement is elegantly finished ; apparently too 
much so by fur for the purpose for which it is supposed to have been 
desifmed. It is made from a grayish shale, and is slightly polisbed. 

Another stone implement from those mounds is the targe circular 
upper stone of the utensil conjectured to have been employed for grind- 
ing the grain used as food. This stone, whicb is also of sienite, is finely 
worked, being much smoother on one side than ou the other. It is 
possible it may have been employed for another purpose tbau that 
suggested. 

Immense amounts of the Augments of pottery of the usual description 
and patterns (the well-known cord-pattern being frequent} are fouiid here 
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Id qaality it compares &>votably with tliat £i?om the Detroit and Saint 
Clair Biver mounds. 

I think it of importanco to state here that on exhibiting some of the 
pottery to several of the more intelligent of the Indians at present 
resident on one of the neighboring islands, they professed their igno- 
rance as to its mannfactare, but attributed it to an ancient people, who 
preceded them in the occupation of this country. Among the IndiaDS 
so questioned was the chief, a mui of* large stature, striliing personal 
appearance, and much diguity of manner, and who is noted for his 
knowledge, intelligence, and judgment. 

I also specially remarked the indifference with which they beheld the 
examination of the mounds (which they appeared to have no knowledge 
of) and the abstraction of the relics. When it is considered how sen- 
sitive and jealous the Indian is as to any iuterference, even of the most 
trifling kind, with the burial-place of his people, this would afford another 
argument to ward establishingproof of thedistinctnesBofthemoa&d-build- 
ing race from the North American Indian. I have known Indians evince 
the greatest anxiety and anger on the displacement of the little slip 
of wood on which the totem of the deceased was painted. 'When the rem- 
naotsof the Pottawatomiea, ouce resident on the Detroit River, mi grated 
westward, they consigned with the strictest injunctions the care of the 
burial-place of their people to friends among the white iuhabitants, 
making certain concessions or grants in return for the most solemu 
promises of the observance of this protection. But this trait of char- 
acter is so well known to pertain to the Indian as to require no special 
illustration here. 

The "ancient mining" on Lake Superior was first brought to notice 
in the winter of 1847-'48, The first discoveries were made on Keweenaw 
Point, and extended to Ontonagon, which afterward proved to be the 
center of the great copper region of Michigan, As is well known, 
various acconnts of those works have been given to the public. Sub- 
sequently some " ancient diggings " were found on Isle Boyale,Michigau, 
near the north shore of Lake Superior ; but the isolated position of the 
island operated to prevent any extensive knowledge of the field. 

In the year 1872 some of the most remarkable of the ancient works 
yet encountered were brought to light by a party of mining explorers 
ou Isle Boyale. The amount and character of the work here revealed 
was something so extraordinary as to almost exceed belief. 

The facts, as ascertained during a brief visit I made to Isle Boyale in 
May, 1873, were embodied by me in a short paper, entitled "Ancient 
Works at Isle Boyale, Michigan," which was some time afterward pub- 
lished in Appleton's Journal, attractingcousiderableattention.* Asubse 
quent visit to the island, made by me in August of the same year 
contributed additional discoveries of interest. 

The works referred to are generally pits of from a few feet-to thirty 

* ApplertOD'a Junraal, Angost 9, 1873, vol. x, p. 173. 
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feet iu diameter; some being quit« shallow, wbile many reach a dfjitU 
of from twenty to sixty feet. They are scattereil throughout the island, 
wherever the amygdaloid copper-bearing rock is found, and are inviiri- 
ably oil the richest veins ; great intelligence being displayed iu locating 
and tracing the veins and iu tbilowing them up wbeu laterrupted, &c. 
To quote from my paper, " This has elicited the a^tuotshment of all nbu 
have wituessed it — do mistakes apparently having been made in this 
respect. The escavations are connected under gronnd, drains being 
cut in the rock to carry off the water. Sto|)es one hundred feet in length 
are found. A drain sixty feet long presented some interesting features; 
liaring been cut through the surfuce-dritt into the rock, it had evidently 
been covered for its eutire length by, timbers felled and laid acrosx. 
When opened, the timbers had mostly decayed, and the center portions 
had sunk iuto the cavity, filling it for nearly its entire length vith the 
rotted wood." The amount of mining on three sections of land, at n 
point ou the north side of the island, is estimated to exceed that of one 
of our oldest mines on the south shore of Lake Superior, "a mine 
which has been constantly worked with a large force for over twenty 
years." When we compare the tedioas methods of the primitive 
miners, and all the disadvantages under which they must have labored, 
with oar modem improvements in mining appliances and all our 
resources, this may well appear almost incredible. 

At another point the excavations extend, in nearly a continuous liue, 
for more than two miles, the pits being otlen "so close together as 
barely to permit their convenient working. Even the rocky islets off 
the coast have not escaped observation, and where bearing veins of 
copjier are generally worked." But it is probable that, including all 
tbe discoveries, not one-tenth of the excavations have been disclosed. 

"The method of mining pnrsned by this people was, evidently, on 
turning back the overlying drift, to beat the rock by the application of 
fire ; then, when by dashing on water the rock was sufficiently disinte- 
grated, to break and pulverize it with their great hammers." The rude 
stone-hammers or mauls, weighing from ten to thirty pounds, are fonnd 
iu surprising Quantities. With this exception no tools of stone have 
been observed, A large part of a wooden bowl, originally about three 
feet in diameter, which had probably been used for bailing water, was 
taken from one of the pits. Fragments of charcoal abound. The tools 
formed of copper constat principally of chisels and knives. Arrow-heads 
of tbe same material are frequently collected. 

Having seen the remark that the copper tools of tbe " ancient miners" 
are of rough and not polished exterior, inferences being drawn there- 
from as to their rode construction, I wish to say that, having examined 
a large number of the tools, I believe this roughness to have been 
mostly caused by corrosion. In many cases this is quite palpable, the 
original suVfaoe being apparent in places, and evidently confirming the 
fact that at least the external faces of the tool were originally approx- 
imately Rmooth, if not polished. i CiI,>(>q[c 
25 a . ^ ' <> 
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VariouB argninents have been advanced by Mr. Foster to prove tbat 
tbe " niotmd- builders" uuderstood tbe art of fusing copper, and tbat at 
least Bome of their copper tools were made by being cast or mokW.* 
From the method pursued by this people iu mining, in which the ageuey 
of fire bore eo prominent a part, it would seem improbable they conld 
have long remained ignorant of the fusibility of tbe metal ; yet in most 
cases the evidence appears couclosive that the rudely-fashioned tool 
was simply wrought by being beaten into the desired form, often in tbe 
roughest manner. It is possible tbe two classes of tovls here relerml 
to may mark two distinct ems in tbe history of this manufacture, and 
that the molded tool designates an advance from the primitive method 
of bammering tbe metal into shape. Some of tbo copper beads tukeii 
from the "mounds" dispbiy a wonderfal degree of neatness iu the 
manipulation of tbe metal, the Junction of tbe bead being in many 
cases almost imperceptible ; yet tbe agency of fire was here evidently 
not employed. 

As to the time occnpied by tbe operations, and tbe iuterval which 
has elapsed since the suspension of work at the mines, approximate 
estimates are made from data which are given by ine in the paper 
already qnoted from, and to which I must refer the reader for this aD<l 
other information. Tbat tbe latter period may extend from seven 
hundred to eight hundred years does not appear to me to be far from 
the truth. 

The present growth of forest covers, unbroken, the pits, the d4bris 
escavated from and surrounding them, and the detritus at tbe bottom, 
coDtainiog stone, copper, and other implements; all the timber being 
of the same character as that on the adjacent land. Several gen- 
erations of trees have probably grown there since the desertion of 
the works. On the d49rU at the mouth of a pit an old stump of an oak, 
(probably Quercns cocdnea, Wang.,) which bad grown and decayed 
there, was examined, wliicli, from the calculation made by counting tbe 
annual rings, &c., must have reached the age of five hundred and 
eighty-four years before it ceased to grow, A copper knife and other 
implements were fouod beneath this stump. Fines of the present 
forest {Pinus atrobus, L.) have firequeutly been cut in the pits, which 
trees the number of the cortical layers make three hundred and eighty 
years old. 

The absence of tbe bones of man is a remarkable feature. Acceptiag 
the identity of the " mound-builders" with the " ancient miners," it 
may be supposed that, throagh some superstitions belief, tbey had tbe 
habit of removing their dead to bnrial-monnds farther south. 

It is evident that each extensive operations as are here described re- 
quired a system and organization of no mean ovdev for those days. 
Besides the animal food afforded by the land and the water of tbe sur- 
rounding region, it is likely that, as the Mound -builders were essentinlly 
lUcca of tbo Uuituil Slatoa of America: Cbicago, IHTJ, p. 230. 
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an agricultural people, aud largely dependent on cereals for sustenance, 
grain-food was transported to the island in sufficient supply from a 
more southern latitude. The so-called " Garden beds," covering so w»\f 
an area of the Saint Joseph River and Grand River Valleys, Michigan, 
as well as similar grounds of other places, demonstrate the agricultural 
babits of the ancient people of this region. The remains of those cnl- 
tivated fields also afford a clue as to the source of the chief part of the 
supplies required for the mining adveutores in the northern country. 




Of the excavations on the small islands lying off Isle Eoyale, an 
interesting example was discovered by me on the rocky islet which, for 
the purpose of distinguishing it, I have named, from its general outline, 
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Triaugle Island, it being hitherto DDnamed od any of tbe maps. This 
islaod lies about tbree-qnarters of a mile southwest of Wasbiiig- 
tOD Island, the largest of tbe islaods off the sonthwest end of Isle 
Boyale, and forming a part of tbe boundaries dividing Grace from 
WashiDgtoti Harbor. [See Fig. 11.] 

Kg.ia 

Ancient 'Works, Trt 
Isle Boyale, Mi 




J^ A K E 



Tnangle Island is a sandstone rock, with very little soil on any part 
of it. Tbe rock, wbicb is full of inequalities, fissures, and cletts, is 
exposed over tbe greater part of tlie island, though the northeast end, 
the highest part, {18 feet above tbe lake-level,) is partially covered witb 
basbes of Comus etoloni/era and a few stunted trees of very small size 
(little better than bashes) of mountaiu asb and i>oplar. Tbe sides of 
the island rise abruptly, and tbere is no hiudiug for even small boats, 
except for a short space on tbe northeast side and also in a deft-like 
indentation on tbe south side, [Fig. 12.] Tbe natural conditions of 
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this last-men tiooed landiog appear to have been improved by artifi- 
cial means. It is 20 feet vide by about 60 feet in leogtb, and Las 
a gradna) slope to the lake, tbe rock being generally smootti throagh- 
ont. On each side are p6rpendicnlar walls of rock. Small boats 
could easily be bauled ont bere, particnlarly ^tk the aid of timbers 
laid for the parpose. ITear it, and all along it, wherever there are 
indications of copper-veins, are the circniar pits of the "ancient mi- 
ners." Though of small size, {from 2 to 6 feet in diameter and ahont as 
many feet deep,] they are remarkably distinct. Attbis place the rock is 
mostly as level as the floor of a room, and the welt-like pits are imme- 
diately perceived to be the work of hniuan agency. 

Though the pits were carefully searched, no relics were met with, 
other than the angular ft^gmeots of tbe rock, broken off by the nsnal 
methods pursued by those mde miners. The fragments occasionally 
contained copper. 

One of tbe small pits, a little over two feet in diameter and nearly 
two feet deep, had a large, irregular slab of rock covering its mouth. It 
required two men to remove this. We fonnd tbe pit more than half-full 
of the angular fragments above alluded to, ranging tiom less than a 
cubic inch up to more than two cubic inches in size. From the indica- 
tions we hoped to find this the repository of some valnable relics ; but, 
though the hole was emptied of its couteuts, nothing other than already 
mentioned was encountered. Had any tools or other utensils been 
deposited here as a place of safety, they had long since disappeared ; 
probably decaying through the l»pse of ages. From appearances, and 
the isolated character of the island, I am inclined to think that my 
hands were the first to touch these objects since the departure of tbe 
primitive workmen. 

At two pliices, at each end of tbe circular pits, the copper- veins in the 
wall-like cliff bad been attacked and partly excavated. The rock was 
discolored as if from the action of fire, and at the base of tbe more cen- 
tral point the sandstone was considerably hollowed. All those works 
exhibit the same ronghish surface, totally unlike that produced by the 
action of water. 

Immediately at tbe end of tbe southern landing, already described, is 
a marked depression, occupying nearly the center of the island, and 
presenting some indications of artificial origin. But about 35 feet 
northwestward of the head of the landing occurs a more remarkable 
excavation. This is of rectangular form, 25 feet by 20 feet, and with 
an average depth of nearly four feet. It is filled with water, as are the 
pits. The sketches already referred to {Figs. 11 and 12] supply such 
further iuformation as 1 was able to obtain. 

It may not be uninteresting to state, in this connection, that I found 
the rare fern, Botrpekium bmaria, Swartz., flourishing, and rather abun- 
diint on tbe exposed rock of this island. It grew jr tnfts of Foteitlilla 
tridentata, Ait., grass, and other dwarfed plants. 
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I shall cunelude with the fotlowLiig quotation fiom my paper on Isle 
Boyale, to which I have already had occasion to refer : 

" The diacoveriea-oQ Isle Boyale throw a new light ou the character 
of the ' mound-bnilders ;' giving as a totally diatinctcoDception of them, 
and dignifying them with something of the prowess and spirit of adveo- 
turo which w6 associate with the higher races. The copper, the result 
of their mining, to be available, must, in all probabilty, have been con- 
veyed in vessels, great or small, across a stormy and treacherous sea, 
whose dangers are formidable to us now, being dreaded by even oar 
largest craft, and often proving their destruction. Leaviug their homes, 
those men dared to foee the unknown, Co brave tiie hardships and perils 
of the deep and of the wilderness, actuated by an ambition which we 
to-day would not be ashamed to acknowledge." 

The question will not fail to suggest itself, Were these vast opera- 
tions accomplished through shive-labor 1 That a couquered people were 
kept at this isolated place by their victors, aud in this thraldom obliged 
to work the copper-mines, is an opinion, however, which " cannot be 
received without further conflroiatiou." 



THE LEIPSIO "iniHEIIlI OF ETHXai.OeT." 

CoTtdenied from " Extra- Beilage at Ko. V3i der tvi»eiiichaflUcheii Btilage <f«r Leipzigrr 
■ Zeitang," {Iranalatti for Ike Smilhaonian InelitHtion by Mr. Arthur SchoU,) and from 
"EriUr Btrieht dee MuMinn* /Ur Fiilktrkunde itt Leipzig, lti73." 

Bj- Oria T. Uason. 

The science which has man for its object stands in a relation to aux- 
iliary sciences somewhat simitar to that of a atntue to its underlying: 
base; it can be lifted to its position only after they are ready to receive 
it, ant] then, though toweriug above them, is supported by them. Slowly 
and with painful care must these foundation-stones have been wrought out 
and set in place. Flaws in the material, faults in plan, and mistakes iit 
execution have more than once compelled the builders of the past to tear 
down the whole structure aud to commence anew. It is fw us to inquire 
whether we are even now prepared to make a systematic arrangemeut 
of the facts respecting the human race, and to put iii order those objects 
which illustrate the somatical and psychical constitution of man as well 
as his manners aud customs. 

We are quite sure that uetthep an ethnological scheme nor a museum 
of universal ethnology could have been possible at any previous age of 
the world, although we have abundant evidence to provo that thought- 
ful men, bringing to the investigation the peculiar spirit of their times, 
have always considered the study of man himself to be the worthiest of 
all pursuits. 

Nor can we now hope to make an exhaustive arrangement of the 
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phfnomeuii ciikI iic(^s$Hri«8 of Iiumaii life. We can oiil.v attempt micli 
» viiiAsiticatiou u» will reuderaccesuibleuad useful tbat wbidi is at band, 
for tbe pur{>o»e of abowiog tbe present condition of our knowledge as 
wetl as our deficiencies; and also in wbat directions furtber researcb 
sbould be made. Tbe advantage of such an exbibition to tbe education 
of youth and to the improvemeut of scientific observation and taste 
among tbe masses of our intelligent countrymen is incalculable. 

Having spoken of the relation vhicb tbe study of man bears to aux- 
iliary sciences, we come to inquire more particularly Into these studies, 
and also briefly whether they are sufficiently advanced to Ite helpful in 
workiug out the truth respecting humanity iu general. 

So complex is the nature of man that a number of sciences are 
vonfiued to it alone, viz, anatomy and physiology, with the kindred 
sciences of patliology and medicine, or tbe sciences of the human body ; 
psychology, subdivided into branches 8i>ecially devoted to couscience, 
reason, and volition, and linguistics, or the sciences of the human soul; 
sociology, ethuology, history par excellence, and the philosophy of his- 
Tory, which may be called the sciences of man's social nature ; to which 
may be added anthro^iology, or tbe science of the human species lu 
relation to other organic beings. Each of these has bad a deeply inter- 
esting and important record. Each has passed through ezcecOiugly 
diversified experiences in order to be a competent witness of facts neces- 
sary to the general result. While accumulating material for their owu 
cuuipletion, they have, designedly and audesignedly, reached conclusions 
of universal significance. 

Among the nations of antiquity, tbe Greeks were the first to pay any 
attention to anatomy. Is it not astonishing that tbe inspection of the 
carcases and entrails of thousands on thousands of human and animal 
sacrificesneversuggested to the enlightened priests of Egypt, Syria, and 
tbe Tigro-Euphrates nations, tbe simplest truths ou this subject T Even 
tbe Greeks themselves studied the human body more for the parposes 
of medical practice than for the classification of the facts about it. 
Their analyses of the races of men were based on the hair, the color of the 
skin, or some other mere superficial character. Aristotle knew scarcely 
anythiug about the human skeleton. Hipiwcrates bad a better undei- 
standing of osteology, although bis knowle<lge of anatomy was meager 
enough. Tbe Alexandrian school, basing their knowledge on experience, 
deserve credit for pursuing a method which yielded little to them indeed, 
but rich results to those who followed up their investigatious. Tbe names 
of Erasistratus of Ceos, Herophilus of (Jhalcedon, and Celsus shine out 
among these early investigators. The line of tbe celebrated pli,vsiciiins 
otantiquity closes with Galen, (born at Pcrgamoa,A.D. 130,) who^e decis- 
ions u|ion many important points of human structure were for fifteen 
centuries the dicta of the doctors. We grope iu vain amid the dark- 
ness of tbe middle ages for evidences of advance iu the knowledge of 
general anatomy, or anatomy of tbe species. Notwithstanding Koger 
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Cacon, SiMns. and a few others, the teachings of Oaleti bad remained 
so little affec^ted that when Audreaa Yesal proved in th(> eixteeiiCh cen- 
tury, by his own observations, the errors of Galen, the public were will- 
iog to believe that hutuan natare migbt bave cbauged, but not to believe 
Galen in error. Mondioo da Luzzi, professor of anatomy at Bologna, 
first publicly dissected two human bodies iu the presence of medical 
students. Gabriel Fallopio, of Modena, enjoyed the rare privilege of 
being allowed to dissect seven corpses annually, among them the bodies 
of convicts, whom he had killed previously with opium. Bartolomeo 
Eustachi, after wbom the " Eustachian tube" is named, the victim of 
a poverty which kept from publication his "Tabulte anatomic^,'' aud 
" which," says Lauth, " retarded anatomical studies two centuries," com- 
pletes ibe medieval triumvirate. With the discoveries of Harvey, human 
anatomy began that rapid growth which bas brought it, iu our day, 
well nigh to perfection, and numbers among its investigators many of 
the most eminent names in science. The same is true of physiology 
and biologj'. Faint glimmerings dart up along the ages, of truths, of 
principles, of analogies, of accurate definition, of guesses bordering on 
inspiration, wbich in our day bave blazed out in brilliant deductions, 
verified by experiment. 

From the earliest times, psychology bas received more attention than 
somatology. The human soul has been scrutinizod from varioas points of 
view. Scarcely a nation existed in ancient, medieval, or modern times 
that has not had its schools of thought, so that it is possible to begin to 
biiiig together, out of the writings of philosophers of the various schools, 
in the order of their historical development, those met'aphysical dis- 
coveries which have added to what we might call general or coai]>ara- 
tive psychology, or those facts of the human soul upon which ethnolog- 
ical relations are founded, together with the laws of tbeir infancy, growth, 
activity, and decay. 

Gathering together the testimony of ancient and modern travelers, 
liislorians, and conquerors, of missionaries, explorers, and traders of 
modern times, respecting the different ideas entertained about God, 
a fntnrc life, and the soul's prospects therein, atiout all tfae relations 
which go to make up the present life, together with the Ittnguages, rites, 
and customs, iu which those thoughts find expression, we shall have 
man revealed to us in every stage of culture, from savagery to the 
faighest civilization. The earth opens her mouth to testify of the men 
who passed away before the dawn of writt«n history, tfae knowledge of 
whose far-distant origin and of their progress through different stages 
of social development is illuminated by every object of human economy 
in our collections. 

The first result of this extension of knowledge is classification on 
special bases: wherefore we should naturally imply the results of the 
labors of €ami>er, founded on the facial angle ; of Blumenboch, on the 
W}niia verlicaiig i of Jtlortuu, on the cubical contents uf the skull; of 
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Itetziua, on cephalognatbisin ; of some, on the eknll-bases ; of others, on 
skin, bair, pelves, &c ; of Latham, on laiignage; of Hax M tiller, on 
religion. Tboagh not always pursued and pablished in a proper spirit, 
these labors are necessary in every possible line of Investigations. Let 
us have more of tbem. Failure to find tbe truth, after an bonesteffort, 
is helpful and commendable. Greater patience, vith more improved 
instruments on other paths, will give results which will become the 
asiome of higher generalizations. 

In tbe second place, a number of sciences considered as auxiliary to a 
knowledge of tbe buman race have reference to its environment. Among 
these are chemistry, physics, meteorology, geology, and one knows not 
where to stop in the enumeration. We find mau bou^d up with his 
material sarronndings by a threefold cord : he resembles it ; be depends 
niion it} be snbdnes it. A knowledge of the facts concerning these 
relations is so necessary to an understanding of himself that great 
progress in a variety of ecieuces, and an impartial and comprehensive 
view of them, become necessary to a just appreciation of tbe difiQculties 
of ethnological research. 

Nearly every law of human embryology, anatomy, and physiology 
has been discovered or confirmed tbroagh tbe study of anrmaU and 
plants. Mao resembles all creatures in bis nmenabillty to tbe laws of 
climate and physical forces. So great is the similarity of bis body to 
that of the animals of related si>ecies that it is hard to find anatomical 
characteristics worthy to be co-ordinated with tbe overwhelming diSer- 
euces between bis mental powers and theirs. Tbe same food nourishes; 
the same law of decay returns them back to the dost. Tbe doods sweep 
over them and they are gone. Their records are rea<l side by side in 
tbe drift gravels of the rivfj-beds. 

The dependencies of man are twofold — those which he has in common 
with other creatures, and those by whicb climate, food, tbe fertibty of 
the soil, the constancy and saitableness of material supplies, confinehim, 
determine his character and destiny ; by whicb tbepoverty of some places 
starves him, the luxuriance of others enervates him, tbe adaptability 
of others to bis body and mind supplies just those helps, stimnlauts, and 
rewards wbich conduce to bis symmetrical development. When we 
consider how many upheavals and deposits have helped to prepare a 
single acre of ground for bis appearance and growth upon it, or how many 
ages of the operations of all the forces of nature, and how many species 
of natural objects minister to him in savage and in cjvilized life, we 
come to regard him as tbe most helpless and needy of all beings, and 
we must admit the necessity of an acquaintance with all these in order 
to have a correct appreciation of him who is their adopted child. 

We come now to regard man as nature's conqueror; for, like the 
science which reveals him. he that was erst tbe infant and most de- 
fenseless of all creatures, conies in his later years to be the K[>uiier of the 
universe. By tbe sweat of bia brow he earns bis bread iiud clothing 
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ami shelter; by the sweat of what is beneath the brow, I mean the 
braiii, be eitrns the food that nourisbos the Rout. He takes the luoclels 
of liis iDuterial implemeuts and comforts and the methods of hie handi- 
work from nature. He clothes bis thoughts in words of natural 
imagery. He utilizes the forces of nature. He makes the winds and 
the seas to serve him. He finds bis way by the refraction of the rays 
of light which the stars shed down back to the stars, and learns the 
secrets of their going. 

If, then, we are to treat man properly, we cannot besatisfied with adi^ 
cussion of one part of his nature or of one phase of bis life. Etbnol* 
ogy, and anthropology, its handmaid, undertake to explain the origin, 
aotiqnity, unity of race, primitive condilion of the human species ; ita 
relation to lower beings, as well as to its material environment; tbe 
cause and historical development of its implements, clothing, weapons, 
shelter, amnsemeuts, public life, social phenomena; of its geographical 
starting-point and distribution; of its language, religion, present con- 
dition, and future prospects. Too much honor cannot be paid to the 
philosophei'S of Greece, to tbe schools which they fonnded, and to their 
successors in medieval and modern times, for their application of 
tbe inductive method to metaphysical studies. Too much honor 
cannot he paid to the long line of anatomists from Hippocrates to Owen 
and Huxley, who have found their way, little by little, through the laby- 
rinths of bismysterious body. Bulmost honor will bedne to him whoshall 
grasp the theme in its entirety, and give to all tbe facts their true import 
in the series. Meanwhile, It is foreach of us, however humble, to bring 
his gift t() one common altar, and for all to co-operate in paying due 
homage to a science which must eventually receive what is good and 
true in every method of investigation. 

We come now to consider the best means of exhibiting the facts and 
objects of human culture. The same rule of proueeding from particu- 
lars to generals, from specialties to a comprehensive view, are in force 
here. There are many pnblic and private museums iu Europe and 
America devoled to single sides of culture. They cover nearly every 
part of the work of general ethnology, embracing the prehistoric records 
of drill, cave, lake-dwelling, hjokkeumoddings, shell-heaps, mounds, 
rude stone monuments, &c., and coming down through the civilizations 
witnessed by the Nile, the Tigro-Euphratea, the Ganges, the Yungtse- 
Kiung Uivers, by the Mediterranean, the BIack,and the Caapiuii Seas, we 
shall find evidences of their condilion in special collections for their illus- 
tration. 

Just as the generalization of all our knowledge concerning tbe earth 
constitutes the true study of the cosmos, as the aggregation of the 
sciences auxiliary to ethnology is the basis of our knowledge of cull ure, 
so, too, the existence of these vast and valuable special collections make 
it [Kxssible to begin to group together those objects which will illuiuiuate 
our investigations about the tribes of men regarded as parts of one 
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common brotberbood. CoDsideriog geographical, isothermal, cbroao- 
logical, tribal, linguietic, and religious divisious as subordinate, we must 
adopt that order for which we are indebted to Wachsiuuth and others 
in general, bnt toDr. Gustav Kleuim in particular, which considers humaD- 
it; as one, and believing its progress to be as a whole ever onward and 
upward, seeks to illnstrate by the arrangemeut of objects in a uiuseum, 
reinforced by models, copies, photographs, drawings, charts, and an eth- 
Dological library, the growth of civilization in all those respects wh^reia 
it has manifested itself. To q,iiote tbe words of Klemm. 

"As natural science investigates, singly, the earth, tbe phenomena 
which occur in and around it, the air, the water, themountaius, the rocks, 
tbe plants, the animals, and mankind as parts of a grand whole, and tbea 
groups them together, so also should the historian stndy'and seek to com- 
prehend and exhibit tbe human race, in all its members, as a totality, in 
its origin, development, present condition, and future prospects, in all 
its tendencies and relations." 

" Therefore, our point of view can be neither a political one, which 
exhibits man in relation to the state, nor a literary, an artistic, an anti- 
quarian, nor an industrial one, but that &om which to observe and 
study the gradual development of humanity out of a condition of child- 
hood, or one closely approaching the brute creation, up to its ee|»iration 
into organized communities, embracing all their ac^ustments, together 
with their relations to culture, knowledge, skill, to domestic and public 
life in peace and war, to religion, science, and art developed among 
influences arising from climate, geographical position, and the provi- 
dence of God. Mankind is an individual whose organism, like that of 
a human body, has its mysterious birth, its infancy, youth, and mun- 
hood, wherein it grows aud waxes strong; and the possessor of intel- 
lectual affections, it is the spiritual gerra and bud which are destined to 
become flower and fruit; ever growing old, it is to be ever I'enewed, 
until it fuIflUs the end for which Ood created it. It in the objective 
view of humanity upon the difl'ereut stages of its development, rising 
one above the other, or its whole life, so far as we are in position to 
trace it backward aud forward. " 

"Tbe method which we ought to follow can scarcely be any other 
than to study the various peoples of the earth in diflerent times and 
places; to consider carefully their condition; and then to classify them 
coDJecturally according to their place in the series. To-day we flud the 
diflerent tribes of the world existing in diverse degrees of culture — the 
Indio da Matto and tbeBo^esman, without shelter or personal imssession ; 
tbe Arctic tribes, covered with fur and grease; the iNegro aud the au- 
thropophagous New-Zealander, contemporary with the skillful Obiuese, 
tbe cultivated Japanese, the thongfatful German, just as ages ago tho 
wandering Scytbs, the Sarmatian savages, were with the Egyptians, tbe 
Greeks, aud the Romans. If, therefore, we were to follow the guiding 
threads of geography or chronology in arranging onr material, we should 
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scarcely produce a faithful picture. If we Trere to take as & basis the 
historical derelopmeDt of any one people, say the Greeks, the Romans, 
or the GermaDS, we should find oarselvee perplexed by reason of two 
inevitable difficulties. In the first place, there is do authentic informa- 
tion about the earliest history of auy oueof these nations handed down 
to us by their neighbors whose observations and records are accessible 
to us. The origins of nations are as much overlooked by historians as 
the infancy of great men. We have to be content with vague tradi- 
tions. In the second place, there never has been known a nation in 
whicli have appeared all these phases of development. We must, there- 
fore, scrutinize all thesnccessivestagesof culture among different tribes 
of ancient and modern times, and arrange them in such order as to gain 
a view of the growth of the race. We will set aside the usual geograph- 
ical, ethnographical, and synch ronological arrangements, and divide 
the races of men into three fundameutal classes — the savage, the barba- 
rous, and the enlightened, (represented in time, roughly, by the stone, 
the bronzei and the iron age.)" 

" I. The condition of savagery. — Mankind comes (Vom the hand of the 
Creator a double being, that soon increases to the/amily. Oblivious of 
the past and of the future, he thinks only of hia daily wants. Here we 
trace the origin of society, in the family; of religion, in sliamanism; of 
technics, in the search for stones to serve as tools." 

Note. — Doctor Elemm,con8idcringuature as the foundation of culture, 
regarded with especial attention those objects from its three kingdoms 
which funiisheil man the means of subsistence and action without further 
preparation, and which became the models of his earliest manufactures. 
Among these are the frost-formed and water-worn and pierced i>ebbles, 
immense deposits of which are found in mniiy places, and which assume 
almost every shape, afterward adopted for tools in the stone age. To 
these are to he added hooked sticks, curiously twisted and knobbod 
roots, spiral vines, tubes of reed, combinations of wood and stone, 
thorns, teeth, bones, claws, hedge-hog quills, shells, and many other 
objects, a finecollection of which graced his celebrated mnseum. — O. T. M. 

" Permanent settlements, personal property in lands and herds, and 
organized governments have no existence." 

"11. Tlic condition of barbarism. — Herein families have increased to 
tribes which restrain andconflneeachother, and who submit themselves 
to the wills of sn^ieriors, who strengthen their power by alliance with 
the realms of the Invisible, and assume to be prophets, priests, and 
even the sons of the deities. They build forthemselves holy places and 
cities, and guard them with especial care. The adornment of these 
shrines develops art, especially architecture, music, and dancing. The 
desire to preserve the record of the most important events gives rise to 
hieroglyphics, word and syllable writing. So far as it is iwsaible nnder 
priestly rule, the nomadic^ and stationary modes of life are develojied 
successively. The different grades of this series are represented by the 
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Otabeitai), the Malaj, tke Mexican, the Egyptian, the CLinese, aud tbe 
Jew. It is the coodition of limitaiiou." 

" Finally tbe free nation occupies tbe topmost grades of cnltnre. 
The yoke of priesteraft is brokeu. Intellectual forces expand in all 
directioQs. liiwa to regulate interual affairB, foreign treaties, eager 
desire for adventure, the spirit of research, of striving after tbe remote 
and the diflicalt — these are tbe phenomena here exhibited. Tbe Per- 
sian, tbe Arab, the Bonian, are examples of this, bat above all the 
German race famishes the most perfect examples of this condition of 
caltnre, having Christianity as its peculiar agency for the destruction of 
hierarchical rule." 

In perfecting this scheme. Dr. Klemm expended many years of time 
and energy, gatheciog what has been considered the best collection of 
objects of hamaa culture. On his death, this rich and uaiqae material, 
which bad cost him 2u,000 Prussian thalera, besides containing dona- 
tions to an equal amount, was ofTered for sale by his beirs, first to tbe 
royal government of Saxony, which fovored its purchase for the Univer- 
sity of Leipsic. The commissioners. Professors Wuttke and Overbeck, 
appointed by the aniversity to examine tbe collection, reported, the 
former in the most flattering terms, in favor of procuring tbe treasure. 
But, tor reasons not aeuessary to state, tbe university decided against 
receiving the gift. The heirs of Klemm, fearing that the collection 
would be scattered and its usefuluess destroyed, offered to take 10,0(>U 
thalera for it, on the condition of its becoming the nucleus of a museuia 
of universal ethnology at Leipsic The offer was accepted and tbe 
accompanying circular was issued by the Board of Regents, in order to 
explaiu tbe constitution and design of the *' Leipsic Museum of Eth- 
nology." 

It was in tlje year 1869 that tbe committee was organized in Leipsic for 
tbe pur[H)3e of founding a museum of the history of culture, which should 
be an honor not only to the city but to science. There existed already, 
elsewhere, magnificent and richly endowed collections of ethnological 
objects. These, however, call especial notice to natural history or geo- 
graphical facts, and pay attention to cnlture-bistorical development 
only in a more or less secondary manner. 

The chief impulse to this undertaking was given by tbe circumstanco 
that tbe celebrated museum of the royal Saxon privy-counselor and 
chief librarian, Dr. Oustav Elemm, of Dresden, was offered by his heirs 
at public sale. The committee published an appeal, soliciting contribu- 
tions for the purchase of tbis material and for the foundation of a gen- 
enU anthropological masenm. They hoped not only to be able by tbis 
means to foster science, but also to develop a patriotic spirit in securing 
to tbe fatherland tbe Elemm collection, which would otherwise be scat- 
tered in foreign countries. 

From the beginning, the labors of tbe committee had such success, 
that although the demands of tbe beirs of Klemm were not immediately 
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and in all points eatisfled, yet the pnrcbase wonid have been coDsnm- 
inated in 1870. The wbole baainess was broagbt to » bappy dose by a 
coutnbiitioD ftom His Majesty King Jobn of Saxony, as well as by 
extraordinarily rich presents, which, to the extent of many thoasands 
of thalers, were secured Irom unknown friends of the enterprise throagh 
Prof. Dr. Bruhnsand Frivy-Cousselor Dr. Hoffmann. 

Shortly before the breaking-out of the memorable war in 1870, the 
objects were brought to Leipaic, where, through the kindness of Prof. 
Dr. Eolbe, they next fonad a provisional location in the building of his 
chemical laboratory. 

Hereby the first part of the task, the possession of the Klemm collec- 
tion, was completed. Now arose a scarcely less important and imperi- 
ous demand, (o procure a proper place for setting up and exhibiting 
the objects. Throngh the almost total want of suitable room, in spite 
of the most earnest and persevering efforts, more than a year was 
needed iu order to meet the new exigency. Through the prompt co-op- 
eration of the council of the city of Leipsic, and especially of the 
deputation for the Saint John's. HospittO, the spacious and well-lighted 
halls in the second story of the old hospital-building (46 Grimm street) 
were procured at a moderate rent. Of course, these very ill-adapted 
apartments had first to be transformed and suitably fitted up. This duty 
also, a not insignificant care, was lightened for the committee through 
the means of the before- mentioned members, who, anew by rich contri- 
butions, proved themselves to be worthy patrons, and, in a praiseworthy 
manner, added new proofs of their public spirit and benevolence. To 
them our warmest thanks are due. When enoagh had beeu done to 
meet the most pressing needs, it became necessary to provide for the 
permanence, the mainteaance, the internal perfection, and the extension 
of the collection. In addition to this, it was necessary to elevate the 
hitherto fluctuating committee into a self-perpetuating and more pow< 
erful corporation. 

In order to obtain a larger number of members, embracing all 
branches of society, and to acquire incorporated rights, the provisional 
directory thought best to call a meeting in order to define more clearly 
the constitution of the society. A printed invitation to all citizens of 
whatever class, broaght together, on the 23d of March in the past year, 
in the great saloon of the highly-esteemed Bonrd of Trade,agreat uumVr 
of friends of the undertaking. On motion of the chairman of the direc- 
tory, Prof. Dr. Lenckart, Gonsul-General Oustav Bpiess accepted the 
presidency. He opened the meeting with a few remarks upon the des^ 
of the published invitation. Doctor Ghat next gave a short review of the 
previons labors of the committee, described the contents of the Klemm 
collection of historic culture, and dwelt npon the importance of a museum 
of ethnology which should unite systematically all objects illustrating 
the human race and the history of Its development. Mr. Gustav Plant, 
the banker, made a short report upon the condition of the treasury- ; 
and i\lr. Rudolph Schmidt, the attorney, gave his opinion upon the 
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system of mles alreaily drawn np. These were, npOD the motion of 
Mr. Eminericb AnscUiitz, the attorney, approved as a whole, whereby the 
fntiire governmeut of the society was empowered to make any necessary 
minor changes. Theuame"Museumof Ethnology" was adopted. They 
next proceeded to the electiOD of the Board of Overseers, which 
was carried by acclamation to the unanimous result given in the ap- 
pended list. These all signified their willingness to accept. Finally, 
Doctor Delitsch made the agreeable statement that the society would 
receive a very valuable collection of Swiss lake-dwelling antiquities 
from a patroness, who already, at diflierent times, had favored their 
enterprise with friendly cheer and rich gifts, and now offered a hirth-day 
present on the event of its first coming out. After a vote of thanks for 
such an interesting and unexpected public spirit, accompanied by such 
an offering, the meeting atljourned. 

Tbe Board of Visitors subRcquently met and elected the following 
officers: President, Prof. Dr. Brnhns; vice-president, Doctor Delitsch ; 
secretary, Mr. Eaufmann Rosencrantz. 

They then proceeded to the election, of a Board of Regents, which re- 
sulted in the unanimous choice of Prof. Dr. Leuckart; Privy-Counselor 
Prof. Dr. Pescbe!; Doctor Ohst; Consul-General Oastav Spiess; Gustav 
Plant, the banker. These all declared their willingness to serve in the 
oflBce to which they had been elected. 

In Bcalledraeetingof the Board of Overseers, on tbe 3d of April, 1873, 
the revision of the laws which had been submitted in the cou&tiUieot 
meeting was taken up. They were finally and unanimously adopted as 
they stand in the "Conptitution and Instructions" which accompany 
this paper. The next task was the setting-up of the collection, in order 
to make it as accessible as possible and to increase its usefulness. Im- 
mediately they went to work arranging it in the rooms which they had 
obtained and put it in proper order. The not insignificant expenses were 
provided for in the most liberal manner by the Board of Overseers, so 
that the mnueum, in its outward appearance, ia not unworthy of its 
valuable contents. The extraordinary extent of the work as well as 
the great scarcity of workmen everywhere, whereby the making of the 
necessary cases and show-tables was mncb impeded, have still more 
delayed the exhibition of the collection and disappointed the ho[>es and 
wishes of the Begeuts. Then came tbe order from the Board of Over- 
seers, au extremely auspicious event, not to allow the Vienna Exposi- 
tion to pass without making it useful to tbe museum, which rendered it 
necessary for Doctor Ohst to intermit bis work and to remain some time 
in Vienna. For tbe purpose of making necessary purchases, a stated 
sum of money was placed at the disposal of Doctor Obst by the conn- 
cil of administration. Affairs took such a favorable turn at the expo- 
sition that tbe agent was able to return loaded with foreign treasures 
without spending the means so liberally provided. Only a proportionally 
small part was used for necessary expenses. 

Upon a more accurate knowledge of the circumstance that a 
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of etbnoiogy bad been foanded in Leipsic, not only for tbe benefit of 
Bcieoce, but for the greater progress of arte and industry, agreac pHrt 
of tbe commissioners of tbe exposition were found ready, at tbe solicita- 
tioB of Doctor Obst.lo astiign to bim whatever of their nmterial was useful 
for the purposes of tbe maseam. In the first rank we must name tbe royal 
Japauese Commissioners to tbe Exposition, IhiiD whom the museum, 
tliroiigb liis exiellency, Mr. Sano Tsunotami, minister resident in Vienna 
of His Majesty tbe Emperor of Japan, received a rich collection of objects 
of nil kinds, not only interesting but exceedingly valuabla For bis 
lively interest in tbemuseam we are most profoundly obliged to Minister 
Sauo, after whom we not less acknowledge tbe service of Baron Alex, 
vou Siebold, secretary of the royal Japanese legation at Vienna, and of 
Mr. Henry Jonkbeer ron Siebold, interpreter of the Austro- Hungarian 
commission in Japan. Both of them, as well by their means as by tbeir 
influence and solicitation, have been of great service to our enterprise. 
Besides, the mnsenm also received valuable gifts from tbe exposition 
through Mr. Vladimir, Count Dzieduszycki, Baron Orerbeck, tbe Austro- 
Huugarian coDSul-general at Hong-Kong ; from Alois Klammertb, royal 
porcelain- manufacturer in Zuaim ; from Villeroy and Boch, in Metlach; 
as well as from His Excellency Count Fradesso da Sitveira, and from 
tbe Spanish and Italian commissioners to tbe exposition. All of these 
honored donors will bereby please to accept onr wannest thanks. 

Scarcely of less importance to the mnsenm than these rich presents 
are the numerous and indissolnble sympathies which have been created 
in all lands, and tbe |>ersonal influences which have sprung up in favor 
of the enterprise, through which the museum cannot fail to have a 
prosperous future. 

As an especial sign of the importance of the museum, and of the favor 
of nhich it may justly feel proud, it may be noticed that the general 
administration of the Royal Museum in Berlin has oflered to the Museum 
of Ethnology duplicates of tbe ethnological objects in its collection. 
We believe that a gift so extensive and costly will not fail to result by 
its praiseworthy example very favoriibly for our can se. 

Finally, we are in prospect of receiving cousignnieuts fhim the dif- 
ferent parts of Europe, from East India, China. Japmi, Australia, 
Africa, the South Sea, America, &c. The Smitbsouian lustitntion 
at Washington, tbe Ethnographical Mnsenm at Leyden, as well as the 
Society of Anthropology and Ethnology iu Moscow, have promised what- 
ever tbey can spare to the Museum of Ethnologj'. In like manner, onr 
thauks are due to the honored mission of tbe brethren at Hemhut for 
furthering our scheme. 

We cannot close without returning thanks to Professor Bastinn in 
Berlin, and to Counselor Dr. von Scherzer, royal Anstro-Hungariau 
general consul in Smyrna. With untiring interest from tbe very begin- 
ning they have tried to further the aims of the society in every pmcti 
cal way. 
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THE APPEAL. 

EDdowed with incorporatecl rights, an iaatitntioD has been foncded at 
Lieipsic, which, under the title of " Museum of Ethuology," has for its 
aim the collection of all objects illastratiog the nature and historj of cul- 
ture of the human race and the encouragement of the science of eth- 
nology. 

The most celebrated known collection of objects of human caltnre, 
the property of the late Doctor Klenim, chief librarian at Dresden, forms 
the starting-point of the enterprise, which, already increased by ricb 
donations, will shortly be arranged in a saitable place. 

In behalf of the institution, the undersigned appeal to all those who are 
interested in the nature and historical development of the buman species 
with an earnest plea for the support and furthering of their scheme. 

The scientific progress of ethnology and the diffusion of knowledge 
concerning our race are the objects which they hare in view. lu order 
to obt»n them, they need the enthusiastic co-operation of all ethnologi- 
cal societies now existing ; and upouthem they call so confidently because 
it is proposed to accomplish a work which, inasmuch as it concerns the 
general welfare, so also only through the general patronage cun it be 
called into life, and be brought to maturity. 

There are already, in Berlin, Munich, Vienna, London, Paris, St-Peters 
burg, Copenhagen, and other cities, rich anthropological and ethuo- 
logical museums; but dependent, as they are, upon the goverument 
which founded them, and upou the public patronage which they receive, 
they represent at best ouly — though perhaps magnificently — special 
branches and single directions development of tb e culture ; whereas the 
Leipsic " Museum of Ethnology " shall have as its object to bring into 
ofke general view the nature and productions of the human race of all 
ages aud countries. Surely it needs only the mention of such an under- 
taking to lead It to a snccessful result Furthermore, it is fortunate that 
Ijeipsic is the city which developed this idea, and through not insignifi- 
cant offerings, has given the first impulse to its execution. Lyiug in the 
heart of Germany, indeed, of civilized Europe, a nilly in g- ground tor the 
whole world, it ought, as well from its geographical situatiou as from 
its espanding, ever-nngmeuting iudueoces, from its positioo in the com- 
merce of the world, from its profitable and extensive monetary afTairs, 
from its mauifold intellectual aud material productions, from the import- 
ance aud patronage of its still growing university, to be the fittest 
among many illustrious cities to organize an institutiou adapted to the 
purpose and to make it most abundantly successful. 

We are not ignorant that the task before ns is great and difficult ; 
but wo are firmly confident that we, in our endeavors to perform it, 
shall have aid and sympathy for every branch of our work. 

We at© already able to boast of many notable subscriptions and pres- 
ents, which have made it possible for us to begiu the collection, and to 
cidl into existence the " Museum of Ethnology ;" nevertheless we need 
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eudj and to bring the undertaking into perfect sbape. Therefore, ve 
appeal, first of all, to our German fellow-citizens, and after them to all 
those who are interested in the development of the hnman race, request- 
ing them to encoarage onr work by becoming members of the museum, 
as well as by gifts of money and relies. 

We refer to the accompanying constitution, and hope for a large and 
liberal indorsement of onr enterprise. 

Xot less welcome to us are all .such objects as properly find place in 
onr collection, and which the accompanying classified catalogue desig- 
nates. In this respect we rely especially upon our numeroas fellow- 
couatTymen in foreign parts, who have the requisite facilities, by trans- 
mitting any kind of ethnological objects, photographs, pictures, models, 
&c., from the countries where they reside, to give a living evidence that 
they, realizing the intellectual endeavors of the fatherland, have also a 
warm heart for onr cause. 

And especially would we earnestly recommend the enterprise to the 
consals of the German government and to its other foreign representa- 
tives, and beg them to work diligently for it. So also we propose it as 
desirable to organize iu proper places local societies for the furtherance 
of our scheme. We look upon the formation of such societies as one of 
the principal duties of the managers, and we invite the foreign friends 
of the cause who may be so inclined to accept the honor of such an 
" agency," and to oblige the undersigned by informing them of tbe fact 

We indulge the hope that everywhere, in our country as well as 
abroad, friends of onr work will be found gathered, who will assume 
the task of fostering and furthering tbe Museum of Ethnology, and 
who will gladly embrace every opportunity to favor ns. Those who 
render especial service to the museum may be admitted to " honorai? 
membership," or be named in a list of " patrons," and receive a diploma 
therefor. 

Finally, we desire for the foregoing circular the widest possible pub- 
licity. 

Leipsio, April, 1873. 

iProf. Dr. Leuckart. 
Privy-Counselor Pesciiei~ 
Doctor Obst. 
Gonsul-General Gustav Spiess. 
Banker Gustav Plant. 
■ Prof. Dr. BauHNS, President 
Dr. Otto Delitsch, Vice-President. 
K. L. C. BosENOBANTZ, Setiretary. 
Emmbbioh Anschtjtz. 
August Fleibchhauee. 
Dr. Goldschmidt. 
Geobgb Lampe-Bendeb. 
Gustav Metee. 

KiCHABD ObbblXndbb. 

Prof. Dr. STEiiMPELL. 
Prof. Dr. V. Tischenihjef. 
Dr. VoiQT. 
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I 
CONSTITUTION OF THE MUSEUM OF ETHNOLOGY IN LEIPSIC. 

1. The aBsociatioa, endowed witb iocorporated rigbta nnder the aame 
of " MnBenm of Ethnology " in Leip»c, has for its aim the systematic 
gathering of objects illustrating baman nature and cnltare, and the 
fostering of the science of ethnology. 

2. Any one may become a member by the payment of au annnal sub- 
scription of two thalers. The payment of at least twenty thalers at one 
time entitles one to a life-membership. Those who have rendered espe- 
cial service to the sisience of ethnology or to the maseum may be aptwinted 
by the Kegents to an " agency." 

3. Every member is entitled to free admission to the muaenm, and to 
tbe nse of the collection in conformity with tbe rnles prescribed by the 
Begents, and to a voice and vote in the general assembly of members. 
Family-tickets are to be issued for members at reduced rates. Resig- 
nation may take place at any time. Those who remain in arrears after a 
month's notice will be dropped. 

i. Id order to foster and enlarge the influence of the museum abroad, 
" agents " will be appointed by tbe Begents, at designated places in 
Germany and in foreign parts, who are to hold the distinction of "hon- 
orary membership" and to undertake the task of representing the 
society. 

5. The business of the society will be trannacted by — 

a. The Board of Begent« ; 

b. The Board of Inspectors, (overseers;) 
0. The general assembly of members. 

6. The Board of Begents will consist of five members, who shall, 
from their number, elect ft first and a second regent, a first and a sec- 
ond secretary, and a treasurer^ The Regents will be chosen by the 
overseers annually Arom among the members of the society, and shall 
hold their office from the day of election until tbe next election. If a 
member of the Board of Begents withdraws in the mean time, the Over- 
seers shall bold an election to supply bis place. 

7. All tbe members of tbe Board of Begents must reside in Leipsic or 
in itsimmediat« vicinity. Their names will be published in the Leipsic 
Daily Journal, and in a German newspaper to be designated by the 
Board of Begents, and the publication in the first-named paper shall 
serve as their notice of election. 

8. All orders and obligations shall be binding on the society if they 
have the name "Museum of Ethnology" attached, and the signatore 
of one regent, of one secretary, and of tbe treasurer, 

9. The " Board of Overseers" shall have tbe general supervision of 
affairs in conformity with section 8 of the law of June 15, 18C8, and 
shall consist of twelve members, who shall be elected at the aunnal 
meeting of members, to hold office for three years, one-third to withdraw 
every year, the first two years by, lot, afterward from the date o.' 
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election. Those vithdrawing may be re-elected. The official year is 
reckooed from the close of ooe yeaily meeting until the close of the next. 

10. To the Board of Overseers, who ^ball elect annually from their 
nnniber a president and secretary, are especially intrusted with— 

a. The oversight of the transactions of the regents; 
i>. The auditing and approving of the yearly accounts; 
0. The election of regents ; 

d. The previous approval of every expenditure which shall exceed 
ftitOO, as well as the indorsement of commissions which shall exceed 
i250 annually ; 

e. The convocation and managem^it of ordinary and extraordinary 
meetings of members. 

11. Every regalarly called meeting is competent to transact business, 
bat for the adoption of motions respecting sections e and d, a majority 
of at least two-tbirds of the members present is necessary. 

13. The Board of Regents shall make a report annaally at the close of 
the fiscal year, corresponding with the civil year, upon the condition of 
the a£birs of the society, and send a copy of the same to each of the 
members at least two weeks before the annual meeting. 

13. In the event of the dissolution of the society, its property shall 
go to the University of Leipsie. 

Imtructiona for the *'AgenU" of the Museiim of Ethiiologt/, 

§ 1. The authorized agents have, by § 4 of the statute, the duty of 
fostering and enlarging the museum. 

§ 2. Their office shall be "honorary." 

§ 3. They shall be appointed by the Regents properly organized. 

§ 4. Their chief service shall be the enrolling of members and the 
soliciting and receiving of donations of objects and money for exteed- 
ing and improving the museum. 

§ 5. They are likewise authorized to collect the contributions of mem- 
bers in their vicinity, especially all those living in our maritime towns 
and in transmarine countries, requested to take in charge consignments 
designed for the museum, and to forward them as soon as possible to 
their destination, and to apprise the Begeuts as sooo as x>os6ibIe of any 
known opportunities of enriching the collection. 

I 6. The debts which the agents may incur through collecting, packing, 
and sending, &c., and any other authorized expenditures, shall be 
refunded. They are also entitled to pay, at the cost of the museum to 
mariners and other persons, a premium for relics, &c., not to exceed tlO 
per single object For higher grants it will be necessary previonsly to 
consult the Regents. 

§ 7. All members' subsoriptions,or.if not coIlected,an account thereof^ 
are to be sent at the latest by the close of the first half of the year to 
the treasurer of the museum a4 Leipsie, while any more important 
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Krataities that may be coofMred, as well as gifts of objects, are to be 
Bent to tbe order of the Regents as bood as tbey can be apprised thereof. 

§ 8. The agents are farther requested to send at tbe close of the year, 
and not later than tbe mootb of January, a catalogue of the members 
and benefactors liviDg ia their vidnity, and a list of contributious and 
gifts. 

§ 9. Likewise tbe agents bare the authority to issue to members 
receipts for contributions, tickets of membership, aud annual statements 
of their acconnts. 

Leipsio, April, 1873. 

By aathority of^ 

The Regehxs op the Museum of Ethnology. 

For a more definite description of the objects which are desired for 
the " Museum of Ethnology," the Board of Begents beg leave to call the 
attention of its friends to the following summary, requesting them not 
to neglect the smallest thing, whose importance may depend not so mach 
on the worth of the object itself, as upon the value which it may possess 
in the whole series, and upon the amount of its contribotion to the com- 
pleteness of the collection. 

[IfOTB. — The classes of cnltare-histonpal objects are arranged as 
nearly as possible in what Dr. Klcmm considered to be the order of 
development, sapposing the human race to have grown up from a con- 
dition characterized by the want of all things. — O. T. M.j 



Preserved in 
alcobol or 
otlieivrise. 



Single boDea. 

Brains, 

Inoer oreana, 

EmbryoloKical Bpeclmens, 

Parts of the body, 

Sfcio, 

Teeth. 

Hair. 

At the same time not only mnat tbe 
homan aubjcct be regarded, but also 
the BDim^ wbicb are defioitely re- 
lated toman, aa for example: 

Paleontological remains. 

Animal mammies. 

Parasites. 

Domestic auimala, &c. 

In order to render individual pecnliarities 
of aingte men harmless, for tbe deter- 
mination of cbaracteriatio [cloea] attri- 
butes, it is desirable to collect the 
greatest number poa^bleof skolls, dec., 
of tbo same race. 



1.— ifeaiu tif titbtitleiuie. 

Among which are to be reckoned not ooly— 

Foods; 

Drinks; 
Bat also means of gval illcation, as — 

Tobacco; 

Other narcotics ; 

Spices acd arooiatios ; 

Periames, &is. 

2.-~Fin. 

Fuel. 

Fire, Implements for kindling, as— 

Fire-sticks ; 

Steel implements; 

Stone implements; 

Spunk, tiuder, matchea, &c. 
Heating, Imrniug, and cooking contii 
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Iroa weapoDB, embra«iDf( those for — 
Striking and throvug, as— 



For cutting and thmstdsg, as — 
Axes and batobeta ; 
Cutiaises ; 
Swords; 

Soythea'; 
For sawing, as — 

Fisb-tootli weapons; 
For pricking or stabbing, as — 

LaDcea and Hpears ; 

Rapiera; 

Daggers, &c. ; 
For shooting, as — 

Missileu, alinga ; 

Javelins ; 

Blowing- tubes and anowa ; 

Anoffs and arrow-beads; 

QnlveTB J 

Darting boards and strspe ; 
CatapiUts ; (t) 
CrosB-bowa and mtowb ; 
Fire-wreatbs ; 
Firs-wespoQB of oJl kinds ; 
Bolls and fire-arms- 
Means of defense, &e. — 
Shields and bncklers. 
Hilts. 
Caltrops. 
Fbttere. 

Pitfalls and snares. 
Besieging npparata?. 
Thereto also the ran inat«riala, mineral, 
vegetable, and animal, are to be added, 
aa well as the originals fnmiehed by 
natnie, such as — 
Drift pebbles. 

Pointed and perforated atones, ores, 
&c. 



4.— Iboli and Implement*. 

Those for domestic pnrposes. 
For every kind of handiwork. 
For flint peckinc and chipping, stone 

boring and policing. 
For tanning loBtber and making shoes. 



For Hshing. 

For banting. 

For horticultnre. 

For monnfactures and indaetrlal aits ; oat 



Wood and vegetable Hbers. 
Bonen and snch like materials. 
Metals. 



To these are to be added isw-materiab 
and implement fbmUhed by natnie; 
also machines and tbelr parts, for — 
Spinning, knitting, and weaving. 
Mealing. 
Grinding tools. 
Apparatus and neceesariee for ecientiBo 
and industrial pnrposee, and those whose 
use is not known. 

5.— Clothing. 
Baw material, as— 
Worf. 

nides and leather. 
Animal and vegetable fiber. 
Baik and bast. 
Other materials. 
Materials and prodnota in the difierent 
stM[es of manufaotare, as — 
Woolen atatS^ 
Silk staffs. 
Linen staffs. 
Cotton stqDs. 

Different vatietiea of, and mixed mo- 
Articles of clothing, as — 
^ Aprons and girdles. 
Body-jClotbing — 
Breechee- 
Shirts. 
Vests. 
Jackets. 
Coats for men. 
Onter wrappings and dress of women— 
Bodicee. 

Corsets. , 

Over-t^rmenta. 
Armor, mail, Ao. 
Cloths. 
Neck-keichiefs. 

Collars and capes- 
Shawls. 

Pocket-handkerchieb. 

Veils. 

Towels. 

Coverlets. 
Arm-clothing— 

Bufflee. 

Foot^ooveri ng — 
Stockings. 



Boots. 

Sandals, &C. 
Head-gear — 
Hata. 
Caps- 
Boods. 
Cowla. 
Head-elotbs. 
Tarbans. 
Helmets. 
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Different parts of dreaa.M — 
Fockete and putBea, 
Aptons, &0. 
SewiDg and embroidery. 

Bueklee. 
ButloDS, &e. 
Dolla iu costnme and lay-figaree. 

6. — Ornament. 

SkiD d.veing and tattoojog. 
Head-nmaueDt, as: 

Wips. 

Hair-decoratioDS, (modes of dreesiug.) 

Bair-pins. 

Comtn. 

Diadems, tiaras, coroaets. 

Ear-ornameata. 

Nose, lip, and cheek omamentB. 
Neck-oroaments — 

Neck-cbaina. 

Neck-rings and gorgets. 
Breast-onia men ts. 
Arm-Draameuts. 
f^ger-oruaments. 
LeK-omaments. 
ToTlet-articlee — 

Bmshee. 

Combs. 

Mirrors. 

PMnte. 

Coemetio and coametio boxes. 

Powder boxes and bnubea. 

Umbrellas. 
Artificial flowers. 
Feather omamftnts, 

Miscellaueous ottjocts of omaoient, made 
of— 

Miueral mate rial. 

Vegetable material. 

AniuiaJ material. 

7. — Veuttt, nlatet, and other olnecltfar houee- 
ltold-uM,from animal material, fiom vest- 
table, at leare*, tcood, bark, batt, 4^., and 
frott vtiRoraU, eipecially iruUuding — 

Stone Teasels. 
Clay Tassels. 
Stone-ware. 
Fayence and delft. 
Porcelain. 

OISSB. 

Metal, &o., and embracing — 
Goards. 
Num. 
Shells. 
Beed-tnbes. 

Baskets. 
WoTen ware. 

Chests. 

Casks and the like. 

Pitchers. 



Metals, &c. — Continued. 
Tumblers, 
Ooblets. 
Beakera. 
Flasks. 
Plates. 
Cups. 
Bowls. 
Tareeus. 
Pots. 

Pans. 
KniTes. 
Forks. 
Eating-stickK. 






Candlesticks, 

Tobacco-holders. 

Tobacco-pipes. 

Misoellaneous plates and Tessels, also 

the raw material out of wbiob the 

ol^ecla haTe been made, 

8. — DmlUngi, ttteir appurtenatua, and their 



Hoase-Aimitaifl. 

B a ild i ng-materials, 

Origiuu models aud designs — 

Neets of birds, iusects, and other 
animal habitations. 

Pits. 

Huts. 

Tents. 

Dwelling-houses. 

Farm-bnildiurai. 

Industrial and professional eatablish* 
ments. 

ViUas. 

Castles. 

Palaces, &e. 
Appurtenances of dwellings, as — 

Locks and keys, nails and screws. 

Windows, verandahs, roofs. 

Doors and hinges, &.(}, 
Internal arrongemenle — 

Hearths. 

Kitchens. 

Living and oleeping apartmeutB. 
Outer ornamentations — 

Stucco. 

Mosaic. 
All hinds of internal ornaments, as — 

Tapestry. 

Carpets. 

CnrtaiUB, &o. 
Housekeeping articles, as — 

Faroiturc. 1 of guest-rooms. 

Hammocks. Vof bed-rooms. 

Bedding.&o., )of eating-rooms. 

Impleiueuts and uteusils uf all kinds. 

9. — Gamu and plastkingi. 



by Google 



408 

Oamea, &o.— Continned. 

Cbess. 

DrBiigbls, &,e. 
Field-sports, &o. 
OanieB Tor ohildren— 
Dolla. 
Hoops, Sco. 

10. — Vehielti and travtling-utmsiU. 

Water-Teh icle» — 

Rafts and floats. 

Canoes and models. 

Sbip-models. 
Eqnipments, as — 

Masts and sails. 

Kudilera. 

Oars and paddles. 

Ancliora. 

Outriggera. 

Cablea, &c. 
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De s- "'■ ■'■"" 

Originals, models and drawings of— 
Palanquins and the like. 

Sl^ 

Snowshoes. 

Skates. 
Biding and traveling nteu^ls — 
Whips and girta. 
Buiie«s. 
Saddles. 
Stirrnps, 



H QDtin g-implementa. 
lupleoients for joameys on foot. 
MiscellaneoQS ottjeots conoooted vith — 

Postal service. 

Railroading. 

Telegraphy. 

n.—MutUal tiulramtiiti. 

Cymbals, (castanets.) 

Rattiee. 

Clappers. 

Wind-instrnments, H — 
Panpipes. 
Fifes. 
Flutes. 

Truinpeta. 

TronuoDCB, &,e. 
Stringed Instniments. 
Re«d-instru menta. 

Varions other lnBtnim«nta. 



Amnlets. 
Garlands. 
.Rosaries. 

Exorcising cymbals and dnims. 
Charms and "medicine" cases fbr nitcli 

oraft. 
All ol)ieots nseil in religious worship — 

Altars. 

Sacerdotal drcas. 

Croziera. 

Cbnrah and temple furnitora. 

Censers and incense, 
Fetiohee. 
Teraphim.&c. 
Models and drawings of — 
Sacrificial placw. 
Temples, 
Churches. 

U.—F%M art*. 



Works of sculpture and eDgraTing la 
wood, bone, ivoiy, shell, Iwin, sloru^ 
clay, and metaL 
Works of painting — 

Portrs^ts. 

Deigns. 

Beproductiona, Stn. 
Casting of mstala. 
Mosaic and gem cutting. 
Prodnctiona of lesser arts and of art-trafBo. 

U.— Writing. 

Writing-material, as— 
StylM. 

India-ink, p^nta, and tn^ora. 

Inkstands. 

Enlera. 

Seola. 

Pwcbment. 
Book sculpCnres and iuscriptiona. 
Inaoriptjona on— 

Stone. 

Clay. 

MetaL 

Leaves of plants. 

Parchment. 
Alphabets and alpbabetjo ayatema. 
Presses and books. 

15.-~if(ia«ar«(, weigUt, eain*. 

Ueasares— 

Conutingand keeping tally. 
Notched sticks and t^ea. 
Heaanrlng-rods. 
Scales and weights. 
MeasDring-lustrnments in geoeraL 
Time-pieces. 

SobsUtntea for o(dn. 
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Honej— Contiuned. M«dieal practice. 

Paper-moDey . EleetoosyDMy ADd lefonu. 

CertiflcBtes of iodebteilDees. Birth aod lineage. 

Hedftls, badges, and other outer decora- fi»pti«ni. 
tiuna. HBTriitge. 

10.— Puilit) lift. Education. 

Banal and sepnloheia. 
Feasts, &c. 



KOTICE. 

The objects mentioned in the foregoing catalogae are desigoad to 
exhibit liumaD nature and calture lo all parts of the earth, in historical 
as well aa iii prehistoric times- 

Where the obtaining of originals is impossible or impracticable, as, 
for example, of bnildings, &c., let proper models, casts, other imitations, 
drawings, photographs, &e., be taken. (It is exceedingly important to 
have photographs and truthful slietches of men in the performance of 
all the occupations which designate caltnre.) 

Also, in general, the raw material is desirable (as already mentioned 
in different places above) ont of which the different objects .ire made; 
also the finished and onfini^hed products of industry and handicraft. 

Of drawings, especially those of human subjects, it is desirable to 
take as many as possible of the natnral size, and to state whether they 
■were talien immediately from the original subject or were otherwise 
procured. 

Drawings intended to illustrate races of men sbonld exhibit both the 
full face and the profile. 

The object and the place of its discovery should he accurately noted; 
also the people or race from whom iC is procured or by whom it is used. 

It is further necessaiy regarding discoveries, espAially prehistoric 
discoveries, accurately to describe the nature of the places where they 
are made so far as practicable, and especially to state the kind of soil 
when feasible, accompanied with specinjens or proofs. Generally care 
ful and diligent attention must be paid to the whole geological und 
topographical surroundings, likewise to the depth at which the dis- 
covery was made, the time, as well as to other attending circumstances; 
to which are to be added accounts of objects which are found lying 
with them or near at hand, as, for example, of human relics, bones of 
animals, vegetable remains, weapons, tools, vessels, ol^ccts of dress, 
ornaments, &c. 

And, further, great attention should he paid to ancient human habi- 
tations and settlements, to cave-dwellings, and pile-structures, and to 
whatever is in relation therewith; also to graves, burial-grounds, monu- 
mental stones, &c., with the accompanying relics of ancient human and 
animal bones, old weaiK>ns and tools, old vessels, urns, and like objects. 

Likewise is to be associated with the museum a library, which shall 
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embody aDthropoIogy and ethnology in tbe widest sense, as well as tUe 
related sciences of geography, travels, philology, general psycliology, 
&c.; therefore we recommend the enterprise to the favorable attention 
of distiugnished anthers, publishers, cnrators of libraries, and of scien- 
tiflc associations. 



AITTKtVITIES OF UKIOR COVNTT. ILLINOIB. 

Bt Thomas H. Pbrkimb. 

A few days ago, I, with tliree others, citizens of this town, engaged in 
exploring one of those monnds located on the Banning Lake, aboat eight 
miles fttim Anna, Illinois. As there is nothing annsnal in tbe form of this 
moond, it needs no description. About fifteen years ago it became neces- 
sary, in repairing a graded way across the lake, to remove a portion of 
the mound, so at this time there is but a small portion of it left. This 
portion has often been dug into by the curious, but without obtaining 
any result worth mentioning. We were fortunate enough, however, to 
get some very fine pieces of pottery, representing in their formation 
tnrtlcs,ti6h,&c.; hut imagine my astenishment when my spade uncovered 
a white "porphyry" stone, of forty pounds weight, which had been 
carved from the rough into an idol, or it may have been intended for a 
piece of statuary. It is represented in a sitting position, with the left 
leg drawn nnder the body, tailor-like, while the right leg is drawn op 
to the thigh, supporting thereon the right hand, with the elbow project- 
ing down on the outside of the thigh, formiug a very natural arch of 45<3. 
It was nndonbtedly intended to represent the human form in health, and 
clothed with mascle an d skin. The face is expressive, finely chiseled, and 
has a resemblance to a photograph I have seen of tbe Sphynx. It is 
true to aDatomical proportions, and perfect iu all its parts. From tbe 
top of the head along the line of the siigittal suture to the chin, it meas- 
ures 16 inches; from the point of one shoulder to the other across the back, 
9 inches ; and the same across the breast or front. The length of arm, 
fore-arm, and hand to point of middle finger is 11 inches ; from ear to 
ear, across back of head, S inches; across the hips, 9 inches. Th&leg, 
thigh, and foot measure llj inches} the length of face, from the chin 
to what represents tbe hair, is 5 inches ; aiound the neck, under the 
chin, 15 inches; the height iu sitting-pOHture is 13 inches. Iflljiuchesbe 
added for inferior extremities, the height would be 25^ inches if extended. 
From the spiue in the center of tbe back a line or groove is cut, running 
to the right aud left, and extending to the cranium or crown of the 
head. The ears, eyes, nose, chin, and contour of the head, as well as 
the whole image, is perfect, and no way mutilated by time — the stone 
being so very hard. 

But I am making my letter too loug. Inclosed I send you photo- 
graphs. The photographs are not good, but they are the best I can get 
la tbis place. I will write to you if anything more of interest is found. 
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ANTIItriTIES OFKNOXCODNTI,IIlDUIlA,AXD LAWKEHCS CODXTT, ILLINOIS. 

By Dr. A. PiTioH. 

The early bistory of YiQceunes is involved in macb doubt aod uncer- 
tainty. So records or moDumeotal remains bave yet Ijeeu fonod indi- 
cating ttie precise time wben tbis ratber aocient place was first settled. 

The Piankeabaw Indians bad a village here, some remains of wbicb 
are still found m making excavatioDsfor veils and street-improvements. 
But tbere are unmistakable evidences of a more ancient and no doubt 
a more civilized people than tbe Indians having inhabited this town. 
Upon the higb elevation of land that almost surrounds tbe beautiful 
diluvial prairie on which tbe city of Vincenues is built, there stand ia 
full view of the town three of tbe most beantil'ul mounds in tbe West. 
Until very lately, tbe largest of these was considered a natural forma- 
tion, but few persons suspecting tbat it was an artificial mound. It is 
named Sugar Loaf Mound. Its height is nearly TO feet, the circum- 
ference at tbe base 1,000 feet. It stands on a promontory, which no 
doubt was once wa^ed by tbe Wabash Biver. Tbe observer from the 
top of this mound can see not only the entire city lyiu^ in tbe smooth 
level valley, more than 100 feet beneath, but other mouuds, wbicb are 
about one mile distant fhim each other. The only exploration that 
has been attempted of this large mound was done under my direction 
in tbe month of June last. A shaft 1 feet square was sunk in the cen- 
ter of it, and carried to a depth of 46 feet. The flrst observation was 
tbe character of the material composing tbe structure. It was found 
to be a siliceous sand, very slightly mised with alluvial deposits. Pro- 
fessor Collett considers it a fair specimen of tbe " loess." There is 
a marked diSerence, however, between the appearance of this earth and 
any found in the vicinity of the mound. A brick-manufacturer insisted 
that be could show us earth precisely like it, but upon comparing the 
two specimens it was evident tbat there was no similarity, as be admit- 
ted himself. All tbe other mounds in tbis neighborhood on the east 
side of the river are found to contain precisely the same material, but 
so far we have not been able to ascertain the locality from which the 
material was obtained. Evidently, it was brought from a considerable 
distance. The character of the earth composing tbis mound presenting 
such a striking diSerence from any near it, was sufficient of itself to 
demonstrate that the mound was constructed by human hands, and its 
great size and symmetrical form indicated skill and iutelligenca The 
explorations, though not attended with any striking developments 
in archeology, revealed otber evideuces of art in the construction of tbe 
mound, which left no room for further doubt as to its origin. At 10 
leet below the snrfoce, bones were found, but which were so tender that 
but very small ihtgments were secured. Immediately below this layer 
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of decayed boDes, a layer of ashes and charcoal was foaod. Thirty feet 
below this we leacbed ttooes, charcoal, and ashes again. The bones 
here were very brittle, and could not be handled. A bed of calciaatcd 
clay was thea entered, which was too hard to escavate with the imple- 
ments we weie using. This we supposed to be either a sacriflcial altar 
or a place that had been used for cremation-purposes. No pottery or 
implements of any kind were found in the shaft, we sunk, which may 
only indicate that this was not a burial-mound and was erected for 
some other and higher purpose; perhaps for a place of worship, or 
for an observatory, or for military defense. Many varieties of small 
shells were found, some of the specimens baving no living representa- 
tives in this locality or any climate as far noEth as this. Yiocenues is 
situated in 38° 43' north latitude and 87° 25' west longitude, and 450 
feet above the level of the sea. 

Pyramid Mound is one mile south of tbe Sugar Jxiaf Mound, and 
is named from its form being pyramidal. Its beiffht is 43 feet and cir- 
camtei'cnce at base 714 feet ; the top is 15 feet wide and 50 feet in length. 
I have had this mound opened in several places, bnt no extensive or 
systematic esplorations have been made of it, owing to objections by the 
owner. The first examination was attempted in Jannarj-, 1872, by Pro- 
fesBorTenuy, of Williams College, Massachusetts, and myself; but the 
weather being verj' cold, our excavations were not made suCQciently deep 
to determine the character of the mound any further than its being 
certainly the work of art, aud that it bad been used as a burial-place 
either by Che mound-builders or the Indians, as we found parts of a humaa 
skeleton only 3 feet below the surface at tbe top of tbe mound. The 
long bones were in a fair state of preservation, but the cranium was 
broken into fragments. In June and July last some imperfect exami- 
nations were made by excavations extending 1 or 6 feet in depth. An 
abundance of human bones were found, but all were very rotten. Two 
or three arrow-heads were obtained, but no jiottery or other relics were 
found.. 

The North Mound has never been examined except by curiosity-hun- 
ters. Bones were found, but I can give no information iu regard to them. 
The height is 3G feet ; circumference at base, 847 feet. One mile north 
of this mound is another beautiful one, though not more than 25 feet in 
height and 400 feet in circumference at base ; it has never been examined. 
There are twelve small moands within the city -limits, situated near the 
bank of the river, but above the overflow. One or two of these mounds 
have been explored, and human bones in large quantities have been 
exhumed. There is a mound three miles below the cily, the height of 
vhich is 12 feet. The stump of a large walnut-tree 4 feet across the 
center is standing on the top of it. Tbe tree was removed about twenty- 
flve years ago ; it is impossible to determine the age of the tree by tbe 
rings at present. I hod an, excavation made into this mound, bnt noth- 
ing of special interest was revealed except large quantities of broken 
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pottery, several fliDt arrow-heads, and ODe stone kuife bariDg tbe form 
aod size of an ordinary koife-blade, and very sharp on both edges. 
There were bones, bnt too tender to handle. Bones and pottery were 
foand under the stump. I send specimeuB from this monod marked 
" Bottom Monnd." Prof. John CoUett, who made a geological snrvoy of 
Enox County io Jnne and July last, thinks thwe are 300 ancient mounds 
in this county. 

The monnds in Lawrence County, Illinois, have produced much better 
results in an aicheological aspect ^an any examined in Kdos County, 
Indiana. I had a very large monnd excavated that is situated on Mr. Ad- 
tone Bitchirdville's farm, one mile fh>m this city,from which was obtained 
ooe cranium in a fine state of preservation, and which presents some 
very interesting points for the considerfttion of the ethnologist; but as 
it is to be submifted to the examination of an expert, I will give no 
descriptions and express no opinion of it. I send with it one femur and 
one hnmerus, a tibia, fibula, and ulna. There was foand near this skele- 
ton, which was about 4 feet below the surface, a very large shell, a iV"''<> 
eaiAcHlata; it is 11 inches long, and 6 inches at tbe widest point- 
There were pieces of well- polished stone, one of which has a hole through 
its center. There is a white-oak tree {Querciu aJba) growing on the 
monnd, under whioh were found fragments of draoia and some pottery. 
It seems to have been burned until chured. 

There are fifteen monnds standing near each other, forming a circle, 
with one in the oeoter, situated at>out 400 yards item tbe river, in the 
valley, two milee southwest of Vincennes, where theie is an annual over- 
flow. They are constructed of materials obtained around them, and 
contain nothing of interest so far as examined, with tbe exception of a 
skeleton, which bad been inclosed in a rough plank coffin, and was 
evidently an intrusive bnrial by our own people, probably a boatman. 
I send the cranium merely for comparison with the others. I have Jiad 
fivemoQuda opened that are situated on tbeEmbarrasBiver, near Brown's 
old mill, in Lawrence County, Illinois. They are eight miles south- 
west of this plaee, and have proved rich in relics. Tbe cranium marked 
"Brown^s Itlill Mound" was obtained by Mr. Carl Busee, who kindly 
presented it to our pubUc-scbool cabinet. It presents some points of 
scientific interest. The skeleton was found in a sitting-posture. Kear 
it was found a beautiful pipe, also a bunch of long straight hair bound 
together with a deer-skin thong, and having wrapped around it a pieoe 
of cloth that is curiously woven, and once had bright colors, but has 
faded considerably since it was removed from the mound. There were 
twelve skeletons removed from this monnd, but tbe crania were all 
rotten, with the single exception of tbe one T send to the Institution, 
Id the five mounds lately opened there was nothing of interest disco7- 
^red, with the exception of human bones, very much decayed. In the 
first one there was a mngle skeleton, bat the bones literally crumbled 
iuto dust when attempted to be removed. In tbe second, there were 
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four Bbeletons; in tbe tbird, tbree; in the fonrtb, four; and in tbe fifth, 
not a bono was found. Several pieces of arrow-beads and some very 
hard pottery were found. Some of tbe pottery found in these rooauds 
was ornamented in a manner that indicated some skill and appreciation 
of order in arrangement. The ornamented pottery was fonnd in the 
monnd from which tbe Busse cranium was taken. Tbis mound is 12 
leet in height, and 60 in diameter at the base, and nearly the same on 
tbe top. 

The skeletons in all these mounds were fonnd firom one to four feet 
below the surface. Tbe bones nearest the sur&ca were invariably in the 
best state of preservation, while those at or near tbe bottom were com- 
pletely decomposed. In some cases, the form and appearance were nata- 
ral, but the moment theearth was removed from them, and an attempt was 
made to remove them, tbey tell into dust. Others presented the appear- 
ance and coDsistence of soft chalh, a slight pressure between the fingers 
causing them to crumble. 

X have opened two mounds in Vinceunes recently. The first is 110 
feet in circumference at base, 45 feet diameter east and west, 6 feet 
high. A trench 4 feet' wide wa« cut more than half across it, extend 
ing to 1 foot below the base of tbe mound. It was composed of tbe 
ordinary surface-loam to a depth of 6 feet, where a layer of yeT7 
soft tenacious grayish clay was reached, which was only 3 inches in 
thickness, and rested immediately upon the top of the ground. This 
layer of clay formed the base of both these city-mounds, as it did of all 
the mounds examined in Illinois. There was nothing of interest found 
in either of them ; no bones or xKittery, ashes, coal, or relics of any kind. 
These mounds are near tbe one described by William Pidgeon in 1867, 
in which many bones were found. 

Although the mounds in and aronod Tincennes have so far furnished 
no interesting relics or important contributions to science, yet some 
doubtful questions have been solved, with a fair probability of a solu- 
tion being given to other problems, which may prove of some value to 
ethnology. Tbe artificial origin of our large mounds has been fiilly 
demonstrated, which has heretofore been denied by some and doubted 
by many. It is certain that the material of which the large mound ia 
composed is different from any in tbe neighborhood, and thus the shells 
fonnd in the large mound belong to a warm climate, which indicates 
either that the mound was constructed when the locality enjoyed a 
warmer climate than at present, or that they were brought AY)m tbe 
south. Tbe stndy of these facts may lead to a solution of some difficult 
and obscure questions. By carefully examining the calcinated clay in 
the large mound, a qnestion about which there is some controversy 
may be settled, as to whether these burned-clay structures are for sacrifi- 
cial altars or cremation -purposes. That the age of these mounds can 
and will be determined by 'scientific investigations, I think very prob- 
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able, and vb may yet ascertain vbo were their bnildera, and for what 
pnrpose they were made. 

It is to b« regretted, however, that more extended and more thorough 
exaniinatioDs of the many mounds in this and Lawrence Connty, llti- 
Dois, have not been made, as this region certainly presents a most 
favorable field for etiiuological inveatigationa. From the great number 
of monnds in this locality and the very large size of some of them, 
together with the relics already fonnd, it may he supposed that the 
Wabash Valley, and especially Enos County, Indiann, and Lawrence 
County, Illinois, were once densely populated by that ancient race of 
people whose history is so veiled iu obscnrity that it i.» difficult to 
determine who they were or whence they came. It is very probable 
that there have been many intrusive burials in the mounds that have 
been examined, and it is, therefore, difficult, but very important, to 
determine questions of race by the careful inspection of the crania and 
the relics removed with tbem. If a well-preserved craniuoi could be 
discovered near the center and at great depth iu any of the larger 
monnds, it might be taken for granted that it belonged to the original 
race of mound-builders. It is, therefore, desirable tbiir, further explora- 
tions should be made in the Sugar Loaf and Pynmid Mounds. By 
tunneling horizontally, commencing near the ba^e and proceeding 
toward the center, using strong timbers for protection against the 
falling earth, discoveries of great scientific interest might be made, 
and I would be very much pleased to see a work of this kind under- 
taken by some competent person. The beautiful little valley in -the 
center of which Vincennes now stands was, doubtless, once a great city, 
occnpied by the moand- builders, and their villages and farms were 
scattered over the country as ours are at present. There is a line of nat- 
ural elevations almost surroaiiding the valley on the north, south, and 
east sides, having the river on the west. There is a low piece of land lying 
between the southern monnd and Bunker Hill of about 900 yards, and 
from Bunker Hill to tbe river there is an opening of about a mile, in 
which, however, there is one mound still stauding; and from the frequent 
findings of pottery and stone implements between these points, it is very 
probable that there was once an artificial embankment from Bunker 
Hill to the river, and from Banker Hill to the sonthern monnd. In 
addition to this. Professor Collett has expressed the opinion that 
there is a continaons line of artificial defenses extendiug from the river 
above Fort Knox around to Buuker Hill, nearly a mite in the rear 
of the line on wbicb tbe mounds are situated. Professor Collett is a very 
accurate observer, but bis time was too limited to enable him to make a 
thorough and satisfactory examination. Jthas been supposed by many 
observers tbatthe Wabash Biveronceoccnpied the entire plain between 
its present western shore and the line of the elevations on which the large 
mounds are situated; and that, when those monnds were first erected, 
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they were immediately on the bank of tbe river. But wliile it is, no doabt, 
true that the river onco washed the base of the promontory on which 
Sugar Loaf Mound now stands, it was doubtless long anterior to tbe 
time when that great mound was erected. Tbe small mounds in the 
city-limits stand on land that, according to that theory, mnst have 
been under water when tbe great mound was be-ng erected, but which is 
now above overflow. Either this view is incorrect, or tbe city-monnds 
were built long after tbe large mounds were, and by a different race of 
people. It is claimed by some ethnologists that the mounds erected on 
low and overflowed lands were built by a race of people called flsbermen, 
who inhabited this country about eight hundred years ago. But the 
data upon which these theories are based are of so doubtful a character 
and so defective that it will require other discoveries and more accurate 
investigations to solve these great questions. It is for the solution of 
problems like these and others of still greater importance to ethnologi- 
cal science that earnest and faithful inquiries after truth will follow the 
pick and shovel in excavating the works of these mysterious people. 
It is no idle or unmeaning curiosity, or love of sordid gain, or desire for 
a little notoriety, that prompts investigations like these, but a refined 
and sacred love of troth and a noble desire to add to the great treasury 
of neeflil knowledge and to aid in perfecting sciences that are now ia 
their infancy and struggling for existence. Some strictly practical men 
may claim that such investigations are useless, and time not well Rpent; 
hot tbey forget that all truth is divine, and that many seemingly unim- 
portant facts are necessary to establish a principle, and that principles 
make up great systems, and that systems make worlds, and worlds a 
universe which is presided over by one Allwise Being, and that all 
truth and the world's activities are emaBations from God; and as we 
learn more of nature's great laws and solve problems in ethnological or 
any other science, we learn more of our Creator and his laws. It is very 
true that the few simple isolated ^ts that may be gathered by local 
ethnological observers would be of but very little value if viewed sep- 
arately } but when tboy are combined and properly arranged with other 
discoveries and developments that are being made all over this country 
and Europe, great problems may be solved, important principles un- 
folded, and the science perfected. 

As these city-mounds are erected on land that is above overflow, and 
as hut few of them present any evidence of their being burial-mounds, 
it may be supposed that they were erected by tbe same race and for the 
same purposes as were the large naoonds on the hills ; and all are, no 
donbt, ancient mounds in the strictest sense of that term ; and although 
scarcely anything has been found in any of them to indicate their 
nature or origin, yet they are not the leas interesting to the student of 
ethnology. 
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BIPLOBATIONS ON THE WE8TKRK COAST OF NORTH ASKBICA. 



By WiixiAM H. Dau_ 
Of Uit United Slaiet Coast Sunt]/. 



I am glad to be able to announce tbat we have retarned saftly from 
a six moiitbs' cruiBe in the Aleutian Islands, after a satisfactory eeaHOD's 
work. Wo bave cbiefl; beeo employed in the determination of astro- 
nomical positions, tbc magnetic declination, deep-sea aoundings, tbe 
survey of a harbor for tbe landing-place of tbe Japanese cable, if it 
aboald be determined to tabe it via tbe Alentian Islands, bydrograpbic 
notes of various importance, and the continuation of oar meteorological, 
carrent, and sea-temperature observations of previous years. Our field 
of work has been between Attoo, the most western island and point of 
the United States possessions, from island to island, through the chain, 
to theSbumagins. 

Many of the islands were found to be several miles in error in their 
position, and the magnetic declination bad decreased without exception, 
in its amount of easting, since the last observations were taken, jrom 
twenty to thirty years ago. The difference averages 2° 30', but in some 
cases amonntB to 6°. Oar carrent and temperature observations con- 
firmed those of previous years. We succeeded in finding a good harbor 
for tbe cable on the island of Kyeba, and thoroaghly snrveyed it. Oar 
soondings pat an entirely new complexion on the western half of Behring 
Sea, where we obtained no bottom with a mile of line, quite close to the 
islands. We found tbe deposition of " recent chalk " mud going on at 
a depth of 800 fathoms — a fact of some importance, as it has not pre- 
vioQsly been reported on the Pacific side of tbe continent. We deter- 
mineil tbe boundaries of the Saanakh reefs, and tbe non-existence of 
the Bogostoff reef, both of which were of considerable Importance to 
navigators. 

In our leisure, the work of collecting specimens of prehistoric remains 
and objects of natural history was energetically prosecat«d, resulting 
in tbe accumulation of eighteen boxes of specimens, which wilt be for- 
warded to the Xatioual Museum at tbe earliest opportunity. In pre- 
historic specimens, our results were of tbe greatest interest, and I feel 
ossonKl of more valae than any ever obtained in this region before. We 
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obtained tbirty-six prehistoric craoia, some two or three hundred bone and 
Btone implements, remains of mummies from burial-caves, and two large 
cases of wooden carvings, masks, &c., deposited with the dead. I wili 
write more fully as to the ciixttimstances under which tbny were found af: a 
future time. The boxes, which wilt be shipped as freight iu a few days, 
have contents as follows : 

Eega 1 and 3 contain fish and miBcellaneous alcoholic specimens. 

Eeg 2 contains skull and skin of an unknown species of seal, and an 
enormous crab from Adakb Island. 

Box 1 contains dry s[>ouges from TJnalashka. 

Box 2 contains sponges from Attoo. 

Box 6 contains bones of whales, stone lamps, and other heavy pre- 
historic remains and rocks. 

Box S contains prehistoric crania from caves on Atka Island. 

Box 9 contains porpoise skeleton and one box of stone implements. 

Boxes 11 and 12 contain crania from Amchitka, Adakb, Unalashka, 
Unga, &c 

Boxes 13 and 14 contain wooden carvings from caves, ITnga. 

Of these boxes, 1, 2, and d I should like to have kept intact (except 
taking oat the prehistoric specimens fYom box 9) until my return. I 
should like to have the alcoholic specimens, not vertebrates, in the tbre« 
kegs also taken care of until I may be able to overhaul tbem myself. 
It w'ould be better to have them placed in some receptacle less liable to 
evaporatioD than the kegs until then. The other specimens will be 
sent as soou as they can be repacked. 

Our collection of natural history is very valuable. It contains more 
material for the determination of geographical distribution and specific 
development than has ever been sent from the west coast before. I am 
consequently anxious that none of it should be lost to science. Our 
plants I sent direct to Professor Gray, as they would not bear delay. 

I trust yon will be pleased with the ethnological material, which excels 
in quantity and variety all collections yet made in that region. 

I have before me one more season's work, in which 1 hope to snpply 
many deficiencies and enlarge the boundaries of the region investigated. 
Iu the spring of 3875, under Providence, I hope to return to Washing- 
ton, and settle qaietly down to study, as I think that seven years of 
one's life are quite enough to be devoted to field-work in such an inac- 
cessible region. 

San Francisco, Cal., November 28, 1873. 



by Google 



DISCOVEHT OF A LARGE METEOHITE IN MEXICO. 



C0BBE8P0NDENCB RBIATITE TO THE DISCOVEBT OF 1 LlBfiE HEIEOBITE 
Iir MEIICO. 

LetUirfrom William if. Vienoxi, United States vioe-eonsul, Paso del Norte, 
1 Mexico, to the Department of 8tate, WasMngtott, 

My atteotion of late bas been dratrn to the fiimoas Sierra Madre, 
(Mother Mountains,) which ure said to be the most prolific in rich gold 
and silver mines of all the mountains in the State of Chihnahna, from 
the fact of a very singular and large piece of meteoric iron having been 
discovered by a party of Mexicans while excavating in the ruins of the 
Casas Grandes, {great houses,) measuring 2 feet 6 inches square, and 
weighing, as is supposed, over 5,000 pounds. This particular portion of 
the Sierra Madre is located one hundred and fifty miles distant, and 
almost directly south from this city, in parallel 30. 

"There is a tradition amoug the Pueblo Indians (town Indians) thnt 
the Montezuma tribes came from the extreme north in ancient times by 
gradasl immigration, and settled at various points at intervals, until 
they arived at and built the city of Mexico. The truth of this tradition is 
verified by the plain trac« of old ruined cities, bnilt of adobe-brick, and 
ext«nding fVom New Mexico and Arizona south to the city of Mexico. 
In the Gila Valley, Arizona, these immigrants appear to have halted, 
built a city, recuperated, raised a sufilcient quantity of corn and beans, 
and then immigrated some four hundred and fifty miles farther south to 
the great plain under the foot of the Sierra Madre, in the State of 
Chihuahua, where another halt was made, another city built, and the 
same routine of recuperation and raising of corn and beans, preparatory 
fur the march on to Mexico, was gone through with. 

" The ruins of the Casas Graudes on the Gita River in Arizona show 
plainly that at one time a numerous and iudnstrions people dwelt there, 
and at this day, fh>m the ruins, the structure and plan of the city is 
discernable. Large rooms were bnilt for a common depository of grain 
for the use and benefit of the public. The great ditch by whitth the 
water of the river Gila was turned out on the plain to irrigate, for the 
purpose of raising grain, is still plainly traceable ; while the whole plnin 
for miles around is profusely strewn with broken pottery, on which the 
devices and painting exactly correspond* with that on the pottery man- 
ufactured by the Pueblo Indians of Mexico at the present day. These 
remarks will apply to the whole chain of Casas Grandes now in ruius, 
south from Kew Mexico and Arizona to the city of Mexico. It is a well- 
known fact that when the Spanish discovered Mexico, as far north as 
Santa F6 the country was settled in all the large and fertile valleys by 
Pueblo or town Indians, who lived by agricultural pursuits, planting 
com, beans, and pumpkins, and constructing and living in large towns, 
built with the adobe-brick, the same as are now used throughout all Mex- 
ico; and that the Montezuma ludians possessed large amounts of the 
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precious metals, which reasou teaches us must have been obtained from 
tbe surface of the eurth. Even in our day, it is a well-known fact that 
over $125,000 in gold was taken fitrni the snrface on Antelope Hill, Ari- 
zonn, tcn^iles'from water,all picked np by hand on top of the gronnd- 
One of my owd well-kuowu frieuds was a participant in this gold-pick- 
ing from the surface on Antelot>e Hill. (See J. Boss Browne on Mineral 
Besources of the United States, pages 466, 467.) So far as the American 
miner has prospected, he has found it to be a never-failing fact that 
near all the Ciisas Grandes, on the chain of immigration of tbe Moute. 
ziimas from north to south, there exist rich gold and silver mines. 

" There is a small Mexican town, called Cusas Grandes, located at the 
foot of the Sierra Madre, one hundred and fifty miles south from this 
city, and near to the old ruins of tbe Montezuma Casus Grandes, ia 
which there lives a brave and hardy race of Mexican mountaineers, who 
have braved the inroads of the indomitable Apache, and have set bia 
luabce, skill, and cunning at defiance from time immemorial. Some 
three or four years since, a pai-ty of these Mexican mountaineers, as a 
matter of curions speculation, commenced excavating in tbe old ruins of 
tbe Montezuma Casas Grandes, each man dritting into the old ruiua 
at separate and several points. One, Teodoro Alvemdo, more fortunate 
than tbe others, drifted into a large room, in the middle of which there 
appeared a kind of tomb made of adobe-hrick. Curiosity led this boUl 
knight of the crow-bar to renew his excavations; and when he bad 
reached the middle of this tomb, he there found this curious mas^ of 
meteoric iron referred to in the fore part of this dispatch, carefully and 
cnriou sly wrapped witba kind of coarse linen, similar to that with which 
tbe Egyptians inclose or wrap their mummies. The excavators were 
now all summoned to view the curiosity. One anxious spectator, with 
more inquiry and ambition than the rest, gave this mass from the skies 
a vigorous blow with his crow-bar, whereupon it grave forth a load 
and hollow sound, much resembling a church bell on a funeral occa- 
sion, which struck these bonest savages with holy and reverential 
awe. An adjudication now immediately took place as to whether all 
the knights of the crow-bar should have a pro-rata interest in this 
interestiugspecimen,orwhetherthediscoverershouldowu it in fee-simple. 
After due and mature deliberation, it was decided that, wbereas each 
and every excavator had dng^or drifted his own shaft according to 
his own notion of loss or gain, separately, therefore be it adjudged 
and decreed that Teodoro Alverado, the discoverer, do own the said 
meteoric mass in fee-simple. Twenty-six yoke of sturdy oxen were 
mustered, and as many or more strong log-chains, and, with this force 
and tackle, the monster meteorite was hauled on the ground to the 
modern town of Oasas Grandes, and deposited in the street, in front 
, of tbe discoverer's door. Alverado and his neighbors at first fixed a 
. most fabulous value upon it, but after tbe lapse of years, both the novelty 
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and the reverential awe baviog subsided, and Atverado, tibe man.<f of bis 
peculiar race, feelins the stem hand of poverty preasing heavily npcii 
bim, has expressed a willingness to sell it for a reasouable price. Mr. 
Eruest Aogersteiu, a wealthy merchant of Ibis city, has ao agent 
(Mr. Leroy) liviog at the Raid modern Casas Grandes for the purpose of 
parvhasing grain, and who has resided there for many years past, from 
whom I have gathered much information herein stated, although tbe 
main facts are widely known throaghont the country ; yet, Mr. Leroy 
ha%'ing been an eye-witness, has furnished me several items in the 
minutia. 

" The aforenamed Angerstein, Leroy, and myself ba^e made up the 
necessary funds to purchase this rare and novel specimen, making it a 
mutual adventure, and have started a large meroautile wagon capable 
of carrying 10,000 pounds to transport it to this city. Our intention is 
to secure it for the admiration of the cnrious and the lovers of science. 
We shall have it safely lodged in the consulate within fifteen days from 
this date. 

"Tbe Apaches are now at war with tbe Mexican government, but some 
six years prior to this date they were at peace. This particular locality 
of the Casas Orandes, or, I should say, tbe Sierra Madre, is one of the 
Apache strongholds, and daring tbe aforenamed period of peace tbe 
Apacbes used to come down out of tbe mountains every Saturday to the 
modern Casas Orandes to tntde with tbe Mexicans. They brought nug- 
gets of gold from tbe size of a pea to a walnut, and exchanged them for 
powder, lead, and blankets. Tfaey must have kuown of gold-fields in the 
mountains similar to those of Antelope Hills herein referred to, and the 
ancient gold-fields kuowo to the Montezumas. 

" Tbe Sierra Madre herein referred to are with one accord conceded to 
be by the best informed Mexicans the richest in gold and siver mines of 
all tbe mountains in tbe State of Chihuahua. The natural inquiry will 
be, Why, then, do not tbe Mexicans work these mines t The true reason 
and answer is, the peculiar form of tbe mountains, connected with tbe 
bravery of tbe warlike Apacbe, has heretofore been a complete bar, 
and prevented the most determined Mexicans from locating and work- 
ing these mines. Then, again, the Mexicans are a weak and primitive 
people; Ibr instance, their cart-wheels are cumbersome trucks of wood; 
the yoke for their oxen is a straight pole, placed across the forehead 
and lashed to tbe horns with strips of rawhide ; their plow for tilling the 
soil is nothing more than a crooked stick of wood. L assert it without; 
fear of contradiction, that in all of this Kio Orande Valley in my con- 
sulate, which is so famous for farming, there are not three iron or steel 
mold-board plows in use, nor any kind of a plow, except the crooked 
wooden stick. 

"The Mexicans at the modem Casas Grandes are the bravest of their 
race, and they have all they can do to maiiitniu themselves in tbe phtiu 
at the foot of the mountains; they have never been able to maint:iiu 
themselves up in the mountains for any permanent purpose." 
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The foregoing letter was referred by Hon, William Hiiuter, AssUtnut 
Secrotary of State, to tlie Siiiithsomnu lustitutioti. Tbe I'ollowiug tti the 
reply of tbe Secretary, Professor Henry : 

" We have just received your very interesting letter of April 2, contain- 
ing a specimen of meteoric iron, accompanied by tbe communication of 
Mr. \V. M. Pierson, vice-consul of tbe United States at Paso del N"orte- 
Tbere can be little doubt that the specimen is from a meteorite, but to 
settle tbis point beyond controversy we shall have it carefully analyzed. 
The facts meutioued in tbe commanication are very interesting ; and, if 
tbe State Department has no objection, we would be pleased to publish 
it in tbe appendix to the next report. 

" It wonid appear from observations that, on some occasion in the 
history of the globe, a shower of immense meteors fell upon tbe region 
where tbe meteor iu question is found. The great meteorite at the 
Smithsonian Institution came from Tucson, and we have heanl of a 
number of others of large size that came from the same locality. Large 
meteorites are of great interest to the science of the day. They all 
exhibit the appearance of having been subjected to an intense heat ; aud 
what 18 still more wonderful, iu some of them, at least, is found con- 
densed within the pores of the material a large quantity of hydTOgengaa, 
indicating that they have in some portion of their past existence been 
in nu atmosphere of this material. 

" It would give us great pleasure to subject a portion of the meteorite 
in question to an investigation in regard to its gaseous contents; and if 
tbe gentlemen who own it will present it to the Institution, we will 
cheerfully pay the expense of transportation, and forever associate their 
names in the history of science with the specimen, aud with tbe results 
of any experiments that may t>e made in regard to it." 



ON THE HABITS OF THE BBAVBB. 

' By Feux R. Bbunot, of FimWrgk, Pa. 

While visiting the Shoshone and Baunack Indian reservation ia 
Western Wyoming Territory last September, I saw at the saw-mill a 
cotteu wood log which had been cutdown by beavers, (owtor,) and which 
is 2i feet iu diameter at tbe butt where tbe cutting was done. Whether 
you have anything of the kind at the Smithsonian Institution I do not 
know. The time will probably come when such tangible proofs of tbe 
rare industry and cnrious habits of the beaver will be unattaiuable, aud 
people wUl be loth to credit the facts in regard to them. 

Mr. S. G. Goodrich, in his popular work, "The Animal Kingdom," 
quotes tbe traveler Kichardson as saying on this subject^ " The largest 
tree I observed cut down by them was about the thickness of a man's 
thigh, that is, about 6 or 7 inches in diameter ; hut Mr. Graham says 
that he has seen them cut down a tree that was 10 iuuhes id diameter ;" 
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and the author adds, " This is no doaht an exaggeratioD, or at least very 
aDCommoD." 

Captain Boaneville tells of haviDg seen trees cnt- by beavers, vbich 
were IS inches in diameter, as something marveloas, but this one at the 
Shosftoue agency is a foot larger. If I am not mistaken, Washington 
Irving also expresses doubts, on tbe authority of Captain Bonneville, as 
to whether tbe beaver exercises any instinct, or jodgment, if you please, 
ill catting the trees in such a way as to drop them into tbe water. I 
think he says that he saw some or many trees which had fallen to the 
shore-side, and from this fact reaches bis conclusion that tbe direction 
in which the trees fell was a matter of accident. 

I was for a day or two on tbe bank of Wind River, some forty miles 
ftom the nearest settlement, and where the beavers are quite abuudant, 
and examined a cotton-wood tree 18 inches in diameter, on which they 
were nightly at work. It was Just about ready to fall, and was being 
cut so as to render its fall in any other direction than toward tbe water 
impossible. This and the remembrance of Captain Bouneville's doubt 
led mu to look further, and I found within a distance of 300 yards of 
tbe shoreline five other trees, nearly as large, which had been drop|>ed 
into the water, and one other about 10 inches in diameter, which had 
been partly cut all around, but much more deeply on the water-side. 
The fallen trees were in a quick turn of tbe stream, where swift deep 
water swept along tbe shore, and the stumps showed tbe deepest cat in 
each case next to tbe water. 

These trees were not cot for the purpose of making a dam, but for a 
winter-store of food, which the bark and twigs furnish, and thej' are 
dropped into the water to be there kept in a tender and palatable con- 
dition for their owners. Some further examinations showed me that there 
were other stumps of trees which bad been cut off by the beavers a 
short tlistaoce from the stream, too far off to have been intended to 
reach tbe water, and these seemed to have no uniformity of direction in 
their fall. Is it not probable that these and other trees not dropited 
into the water are cnt during the summer for immediate consumption, 
and give no proof whatever that these wise " fellers " do not know ex- 
actly what they are about, but to tbe contrary t 



Oir 1 NATIONAL IIBBABT. 

. Letter from W. 8. Jevone, of Owens CoUege, England. 
When I returned from oar long vacation, I fonnd that you had been 
so good as to remember our desire to possess tbe " Smithsonian Coutri- 
bations to Knowledge " in our library at Uwens College. The librarian 
has, I believe, forwarded the formal acknowledgment of their receipt; 
bot, both by desire of onr principal and also of my own inclination, 
I write to express our warm thanks for so valuable a present to our 
library. 
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I have already read the larger part of the report for 1869, and eome 
of the pamphleta, which give me access to pnpers Qot previoaely within 
my reach, but of which I bad beard something. 

We hope to receive fatare reports, altbongh we can hardly hope to 
make adequate return. The librariau has already sent our cideodar and 
catalogue of our library. I am also abont to send to your London agent 
a set of my own poblicatious, as I much desire that they may have a 
place io the Smithsouian library, which, as I learn from the report, 
appears likely to become tbe great national library of America. 

I trust that the design may be carried out of erecting in America a 
library of unlimited extent, and of all-comprehensive character, which 
may, in course of time, embody the whole literature of the world as far 
88 possible. This is, as you of course know, the design upon which 
onr British Museum Hbi'ary is now conducted, and it is impossible to 
exaggerate the services which it yields to literature and human knowl- 
edge, however imperfect the library still is. 

It would be no more than we might fairly expect from the wealth, 
intellect, and energy of America that it should ultimately create at 
least one library equaling or surpassing oor national one, hut I am 
aware it must be a work of time. 

Ton may, perhaps, think these remarks somewhat superfluous, but 
I make them because I have a strong opinion that there ought to be in 
every part of the world great repositories, where the literature of the 
past and present may be pat, as far as possible, beyond the risk of 
destruction, and handed down for the use of future generations. We 
cannot tell what will be of moat interest to future ages, and therefore, 
the best way is to preserve aa much as possible. 
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SOCIETY FOB THE ENCOnRAGEMENT OF SlJrENCE, LIT 
ERATUBE AND ART, DUNKIRK, FRANCE. 

Frogramvte of subjects for competition, 1873. 

A gold medal for the best work od each of the following subjects: 



Alcohol: its effects on tlie animal economy. What are tbe dauger- 
ong principles left in tbe manufacture of alcohol from beets 1 

Investif^ate the means of neutralizing tbe ii^urious effects produced 
ou tbe miml and the monil uiitnre of man. 

The gold medal will have tbe value of 300 francs. 

LITER ATURE—HISTOEY. 

Biography of tbe Flemish painter Jean de Reyn, born at- Dunkirk in 
tbe seventeenth century. Give a systematic catalogue of his works. 
The gold racdal will huve a value of liOO francs. 

ART — PAINTING, 

A skelch in oil, on a cnnviis called No. 15, being C5 centimeters (26 
inches) long and 54 centimeters (lil inches) broad, the subject of wlncb, 
bistory, landscape, genre, &c., is left to tbe choice of the contestants. 
The canvas not to be framed. 

Tbe gold metlal will have a maximum value of 300 francs. 

Tbe successful competitor will be allowed to choose between tbe medat 
and the sum which it represents. 

Noi'E. — Tbe society will also offer one or more honorable mentions 
inscribed upon medals of enamel, silver, or bronze. 

All the sketches except tbe one which obtains tbe prize will be 
n^turned to tbe artists after the awanl. 

To secure the ineognito imj)osed upon and guaranteed to comjMiIitors 
who do notobtHin}iprize,aDdat the same time to enable them to receive 
their works after the awanl has been iiia*le, the society n^questH them 
to send, with their sketches and the sealed envelopes containing their 
iull uaoie.-<, &c,, an address to which the articles can be sent. The works 
sent should bo directed (free) to tbe general secretary of tbe Dunkirk 
society belbre October 1, 1873. They must not be signed, but stioold 
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bare a private mark, re[)eat«d on a sealed note giviDg the full Dame, 
professioD, aod residence of the autliors, who sball certify that tbeir 
n'oiks are uupublisbed aud have not been offered io competitioD before. 
Tbls Dote vrill ouly be opened in case the work merits a prize or honor- 
able mentiou; otherwise it will be burned during the meetiug. 

Authors who make themselves known iu advance, in any way what- 
ever, will be excluded from competing. Works sent forcom[>etitiDa 
will become the property of the society, but authors may obtain copiex 
at their ezpeose. The candidate who, having been successful at one of 
the five preceding awards, shall obtain the first rank will only be entitled 
to a commemorative medal.* In this case an honorable mention, 
inscribed on a silver medal, maybe granted to the work ranking second. 
The couteataut who is entitled to several prizes for one of the subject.-^ 
open to competition will only receive the highest medal. 

The society reserves the right of awarding medals to those who have 
presented gifts or unpublished memoirs which, though not invited by 
the programme, shall appear to merit distinction. 

For further information address the general secretary of the society. 
A. BONVAELET, President. 

L. MoEDACQ, Secretary, 



SOCIETY, OF SCIENCE, AET AND LITEEATUEE, HAINADT, 
FEANCE. 

Programme for 1873. 

Paet I. 

LITEEATUEE, 

I. Enlogy on Francis Fetis. 

II. The same in verse. 

III. A [Kiem on a subject from Belgian history. 

IV. A poem on a subject from real life. 

BIOQBAl>HY. 

VI. Biography of a citizen of Haiuaut distinguished by hia talents or 
the services he has rendered, 

FINE ARTS — ARCHITECTURE. 

VII. Describe the architecture of the monuments and private booses 
erected in the city of Mons daring the last two centuries. 



VIII. Write the history of any of the old cities of Haiuaut, except 
Soignies, Perawels, and Saiut-Gbislain. 

IX. Give the history of coal-mining in Hainaut. 

* This rule only applies to tbe cooteatjiiila for the wientifio prize, r 
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EDUCATION. 

X. Give a critical review of the laws iu regard to educatiou. 

SCIENCE — GEOLOGY. 

XL A descriptioQ of tbe Post-Tertiary rocks of Haiuant, sitaated on 
tlie left bauk of ttie Sambre. 

XII. Give a correct list of the oseful materials ia the Tertiary and 
Post- Tertiary deposits of Haiuaut, with their industrial and agricultuml 
applications, and mentioulug their locations and their economical uses, 

XIII. Give the history of the insects moat injurious to agriculture, 
pointing oat the effectual, cheap, and ready methods of destroyiug tbetn, 
or at least of checking their ravages. 



XIV. Write a practical and popular manual on the first steps to be 
taken in case of sickness or accident. The author must strive to over- 
throw wide-spread prejudices. 

XV. Compare tlie advantages and disadvantages of the treatment of 
sick paupers in hospitals of different kinds and at their homes. 

AGBICULTUEB AND HORTICULTCBE. 

XVr. Examine the natural or physical causes of the degeneracy of 
seeds iu cultivated plants. 

SVII. TLe selection of seed and the good resalts which will result 
&om it iu agriculture and kitchen-gardeniug. 

Part IL 

questions pboposbd. 

a. By the government : 

XVm. A critical discussion of the works of J. F. Le Poivre, geome- 
trician, of Mons. 

XIX. Discuss fully the subject of the treatment of iron-ore on a large 
scale simply with coal. 

b. By the standing committee of the provincial council : 

XX. Point out and describe, in a general way, the location, the char- 
acter, and the treatment of the different iron-ores worked in the province 
of Hainaut. 

Mention the geological indications which may serve to guide in the 
search for the deposits of iron-ore which may exist in tbe province of 
Hainaut, and discuss their value. 

XXI. Point out and describe the cheapest chemical reagents and tbu 
most simple methods for precipitating all tbe materials dissolved in the 
■waste-water from sugar, lamp-black, and chemical manufactories, and 
from dye-houses, so that it will only be necessary to filter the water tbaa 
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treated in order to obtaio it limpid and free from any organic or inor- 
ganic substance in solution. 

Tlie prize for each of these subjects is a gold medal. 

Memoirs should be sent free, before December 31, 1873, to the presi- 
dent, 21 rue Oompagnons, Mous. 

Competitors must not sign their articles, but only pnt on them a 
private mark, also placed on a sealed uote containing their name and 
a4l dress. 

From the competition will bo excluded : 1. Active members of the 
society ; 2. Those who make themselves knowii in any way whatever, as 
well as those who send their papers after the appointed time, or wbosu 
works have been already presented to other academies. 

The society will retain the manuscripts addressed to it ; bat authors, 
whose wqrks merit it, may obtain copies at their own expense. 

Anuouuced at the session in Mous, March 14, 1873. 

A. HOUZEAD DE LBHAIE. 

General Secretary. 



SOCIETY OP SCIENCE, LITERATURE AND ART, HAINAUT 
FRANCE. 

Programme for 1874. 

Part I. 

LITEBATUBE. 

1. A poem on a subject fh>m Belgian history. 

2. A poem on a modern subject. 

3. A novel in prose. 

BIOGKAPHY. 

4. Life of a citizen of Haiuant distinguished for bis talents or the 
Bervices he has rendered. 

FINE ABT&— ARCHITECTUBE. 

6. The architecture of the monameuts and private houses of Mons 
in the last two centuries. 

HISTOBT. 

6. The history of oue of tbe old cities of Haiuaut, excepting Soignies, 
F^mwels, and Saint Ghislain. 

7. Tbe history of coal-mining in Hainaat 

EDUOATION. 

8. A critical review of oar laws and regulations in regard to primary 
iustraction. 

0; The same in regard to intermediate education. 

10. Tbe same in regard to higher education. C^ooolt' 
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BCIENCE— GEOLOGY. 

11. Sbow tbe present conditioD of our knowledge of the Qnarternary 
formations situated on the rigLt bank of the Sambre. 

12. Give a precise account of tbe materials in the Tertiary and Qoar- 
ternary formatious of Hainant which may be made aseful in agricnt* 
lure and tbe arts, specifying their location and their economic applica- 
tions. 

MEDICINE. 

13. Compare the advantages and inconveniences of tbe treatment of 
sick paupers in hospitals of different systems and at tbeir homes. 

AGEICULTXTBB AND HOBTICULTOBE. 

14. Investigate the natural or physical causes of degeneration in cul- 
tivated plants. 

15. Investigate and discuss the useful effect of various artificial or 
chemical mannres according to tbe soil or tbe system of cultivation. 

16. How does tho eugetita enter into clover T By what means may ita 
entrance be prevented t How can it be driveu out of an affected plant T 

17. Tbe selection of seeds and the advantageous results which it will 
produce in agriculture and market-gardening. 

Part II. 

QUESTIONS pboposed; 

a. By tbe government: 

18. A systematic review of the works of J. F. Le Poivre, geometri- 
cian, of Mons. 

19. Give a complete account of tbe descent and ascent of workmen 
in deep mines. Uuder what conditions should it be conducted in order 
to insure the lives of tbe men t 

b. By tbe standing committee of tbe provincial council ; 

20. Give a general account of the position, character and treatment 
of tbe several iron-ores worked in the province of Hainant. 

Specify tbe topographical features which would lead to the discovery 
of the deposits of irou-ore which may exist in the province of Hainaut 
and discuss their value. 

Give an account of tbe cheapest chemical reagents and tbe simplest 
tnanipnlatione for precipitating all the substances dissolved in tbe waste- 
water from sugar- factories, lampblack-factories, chemical works, and 
dye-bouses, eo that it will be sufficient to Biter tbe water so treated, in 
order to obtain it limpid and free from any organic or inorganic sub- 
stance in solution. 

The prize for each of these subjects is a gold medal. 
Memoirs should be sent post free before December 31, 1874, directed 
to tbe president of the society, 21 rue des Compagnous, at Mons, 
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Competitors maat not sigo tbeir papers, but add a private marli, 
given also on a sealed envelope containing tbeir name and address. 

There will be excluded from competing; 1. Active members of the 
society ; 2d. Those who make themselves known in any way, or who send 
tbeir papers after the proper time, or whose works bave been previously 
communicated to other academies. 

The society will retain all manuscripts addressed to it; but authors, 
whose papers justify it, may obtain copies at tbeir expense. 

Adopted at Mons, session of March 5, 1874. 

A. HODZEATJ DE LEHAIE, 

General Secretary. 

ROYAL INSTITtJTE FOR THE ENCOURAGEMENT OP THE 
NATURAL, ECONOMICAL AND TECHNOLOGICAL SCI- 
ENCES, NAPLES, ITALY. 

Programme for the year 187i. 



The followiug proposition, wbicb the institute submits to the study 
of the men of learning in Italy aud other countries, is of undisputed 
utility. For what a miserable spectacle is presented by those to whom 
nature hns been only a step mother, baring deprived them of sight, 
bearing, and speech. How much intellectual power, how mach human 
labor, is lost in those born deaf and dumb or blind. It is well knowu 
that many illustrious men of the most civilized nations have given their 
life-work in behalf of our fellow-men who are condemned to a deplor- 
able inaction for want of the priucipal organs of labor. Yet, although 
much has been accomplished already, there is mnch still to be done 
before the goal is raacbed. 

The institute, therefore, hopes that the number of benefactors will b© 
increased by the discussion of the following proposition: 

" Give the history aod a critical analysis of all the means of instrncr 
tion, physical and mechanical, which have been proposed up to the 
present time for those born blind or deaf and dumb, for the purpose of 
directing future efibrts to the most efficacious and the best adapted 
means, and thus contributing to the discovery of more appropriate 
agencies for the furtherance of an object of so mnch social benevolence 
and of scientific interest." 

The sobject of the instruction of the blind must be treated thus: 
First, the methods for teaching literature and sciences ; secondly, those 
for teaching music ; thirdly, those for teaching arts and trades. 

The methods for the instrnction of the deaf and dumb must be divided 
principhlly into, first, those which teach them to write; secondly, those 
which teach them to speak. 
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II. 

The industry of oenology in Italy does not interest the Italians alone 
The freedom allowed to commerce at present has rendered people of 
diOererit nations a part of one and the same family. The indnstrial 
progress of one nation redounds to the benefit of the whole human 
race. The institute, therefore, doubts not that besides the Italian 
(Biiologists, those also of other nations will study the following subject: 

"To expound the principal economical and technical criteria most 
advantageous in the mauufactnre of wines in Italy, especiiilly with re- 
gard to their preservation and exportation, distinguishing, if necessary, 
those proposed for different sections of Italy in which the cenological 
industry can be successfully cultivated." 

lu order to prevent any misunderstanding, it may not be out of place 
to state here that the institute does uot ex)>ect from the competitors a 
manual, and mnch less a regular treatise on the manufacture of wines 
in Italy. They will be expected to give their attention mostly to the 
qualities which science indicates as essential to the preservation and 
exportation of wines with safety, and to state bow far Italian manufac- 
turers are governed by such indications of science. The competitors 
will not fail, also, to take carefully into consideration the varioas types 
of wines puHiuced in Italy, to suggest what science, the mnologic art, 
and public economy teacb, and, if necessary, what legislative enact- 
ments are required in order to produce safely and speedily wines which 
will resist the Injuries of time, and which will be fit to esport to dis- 
tAut conotries. 

CONDITIONS OF THF, ABOVE COMPETITIONS. 

1. Competition on the above subjects will be open to all except the 
regular members of the Hoyal Institute. 

2. The competing manuscripts must be in Italian. 

3. Such manuscripts must be presented — those in regard to the first 
subject, on the 30th day of October, 1874 ; aud those answering the 
second, on the 3Ist day of Angnst, 1875. The above manuscripts should 
be addressed to the permanent secretary of the Boyal Institute. These 
conditions are indispensiible. 

4. Every manuscript should be distingnished by a motto, which must 
be repeated upon a sealed envelo|)e containing the fnll name, native 
]>Iace, and address of the author. The authors who in any way make 
themselves publicly known will be excluded from the competition. 

5. The envelopes of the articles which will receive a pn-niinm, and of 
those which will be favorably mentioned, will be opened in a formal 
meeting of the institute, and the names of the authors will be published. 
The envelopes of the unsnccusafnl articles will be burned ; the articles 
themselves, however, will be deposited in the archives of the institute. 

6. To the author of the article which, iu the judgment of the iiisti- 
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tiite, auBwors all tbe requireineuts of the first questioD, a premium will 
be given of 1,000 lire ($186) and the large gold or silver medal of tlie 
ecadciny, according aa the institute considers tbe prmlactton as 
deserving more or less distinction. To the author of the article which 
answers all the requirements of the second qnestion,a premium of 1,500 
lire ($279) will be awarded and also a gold or silver medal. The articles 
receiving premiums and perhaps those also deserving honorable mention 
will form part of the published acts of the acadejoj*. 

7. Each author whose article is published in the acts of the academy 
will receive free, with an appropriate frontispiece, one hundred copies 
of tbe same. Besides this, the author, after the publication of the acts, 
will enjoy the copyright of his work. 

8. The institute will not refuse those articles which answer only one 
part of the above questions-, but, in such a case, it reserves to itself 
the right of awarding the curre-tpouding premium or not, as it may see 
fit ; as it also reserves to itself the right of conferring tbe large academ- 
ical medal for those articles which may be honorably mentioned. 

The premiums which the institute proposes are not of much material 
value, but it is evident that those who will attend to the solntion of the 
above propositions will find in their work, by reason of tbe benefit 
which it will prodnce, ample and noble reward. 
Naples, Royal Institute, February 6, 1874. 

F. TErNCHEEA, 

President. 
F. DEL GIUDICB, 

Perpetual Secretary. • 

EOTAL ACADEMY OF SCIENCE, LITERATURE AND THE 
FINE ARTS, BRUSSELS, BELGIUM. 

CLASS OP FINE AETS. 

JAst of prises for 1871. 

IJTEBABY SUIUEOTS. 

First tvhject. — The history of sculptare in Belginm in tbe seventeenth 
and eighteenth centuries. 

Second «u6jecf.^The history and bibliography of mnsical typography in 

the Low Coantries, and especially in the provinces now consUtat- 

lug Belginm. 

The values of the gold medals ofTered as prizes for papers on these 

subjects are 1,000 francs ($:iOO) for tbe first and 800 francs ((160) for tbe 

second. 

Papers sent for competition should be legibly written, and may be in 
French, Flemish, or Latin. They should be sent, post free, to tJte perma- 
nent secretary of the academy before June 1, 1871. 
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Antfaors muBt not append tbeir names to ttaeir papers; they sbould 
•aerely add a private mark, given also im a sealed note inclosing tbeir 
names and addresses. If this regulation be not complied with, the 
rizes will not beawiirded. 

Papers seut after the prescribed time, or those of which the antbors 
mabe themselves known iu aoy manner whatever, will be excluded from 
competition. 

The academy insists npon the greatest exactness in qnotations ; it 
requires, therefore, that competitors specify the editions and the pages 
of the works referred to in the papers presented for xtn decision. ' 

Man u scrip t-illu strati oil s alone will be accepted. The academy re- 
serves the right to publish prize-essays. The authors of papers pub. 
lished in the collections will be entitled to one hundred copies for their 
own use. They may also obtain additioanl copies by paying the printer 
four centimes (one cent) a sheet. 

The academy deems it necessary to remind competitors that papers 
which hare been submitted to its judgment are retained in its archives 
as its property. Authors may at any time obtain copies at their expense 
by addressing the permanent secretary to that effect. 

SUBJECTS IN APPLIED ABT. 

Painting. 

A design for a painting l". 60 (5 feet) high and 4". 50 (15 feet) broad 
for a frieze 5™ (16 feet) above the floor. This painting is intended for a 
hall in a hospital, and should be on the subject, " Give food to the hun- 
gry and drink to the thirsty." The design submitted should he made 
one-half the above dimensions, namely : 0™. 75 high and 2*°. 25 broad. 

A prize of 1,000 francs ($200) will be awarded to the successful com- 
petitor. A draught of the design will be kept in the academy. Paint- 
ings intended ior competition must be sent to the secretary of the' 
academy before September 1,' 1874. 

Engraving. 

A prize of 600 francs ($120) will be awarded to the maker of the 
best engraving executed iu Belgium, during the period from Jaonary- 
1, 1872, to January 1, 1874, after the design of an old or recent master 
of the Flemish school. 

Competitors should submit a copy of their work before September 1,. 
1874. 

General regulations relative to this competition. — Competitors must not 
inscribe their names on their productions ; they must only affix a mark, 
given also on a sealed note coutaiuing their name and address. The 
prizes will not be awarded if this regulation be not complied with. 

Works sent after the expiration of the prescribed time, or those of 
which the artist's name is made known Iu any way whatever, will be 
excluded from competition. 
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Tlie committee have selected for tbe prize-competition in 1876 the 
followiog literary subject : " Trace tbe origiu of tbe Belgian scbool of 
music, and determine to what period tlie old masters of that Bchool fol- 
lowed tbe French and E^nglish musicians of tbe twelfth aud tbiiteeath 
centuries." 

A prize of 1,000 francs will be awarded for the solation of this 
question. 

Brussels, sessioD of November G, 1872. 

For the department of fine arts, 

A. QCETELBT, 

Permanent Secretary. 

ROYAL ACADEMY OF SCIENCE, LITERATURE AND FINE 
ARTS, BRUSSELS, BELGIUJtf. 

CLASS OF SCIENCE. 

Prize- questions /or 1871. 

FIRST QUESTION. 

To i>erfect, in some important particular, either in its priuciples or in 
its applications, the theory of the functions of an imaginary variable. 

SECOND QUESTION. 

To give a complete discnssiou of the question of the temperatnre of 

space, based upon experiments, observation, and calculation, giving the 

reason for tbe choice made among the different temperatuiea which 

have been ascribed to il. ' 

We deem it necessary to explain to tbe competitors that the qnestioD, 

•in its most general terms, refers to tbe determination of tbe absolute zero, 
definitely fixed at —272°. 85 C; (— 459013 F.} but a historical and analyti- 

■cal discussion of the investigations undertaken previously to 1820, for the 
purpose of deciding this question, will prove of real scientific interest. 
Attention is particularly directed to the investigations made at th« 
close of the eighteenth century and the commeucemeat of tbe nine- 
teenth, among others those of Black, Irvine, Crawford, Gadolin, Kir- 
wan, Lavoisier, Lavoisier and Laplace, Dalton, Desormes and Clement^ 

-Gay Lussac, && Mention is also made of the temperature of —160°, 
C. { — 25GO F.) given by Person, according to his formula, which connects 
tlie latent heat of fusion with specific heat; this number representing the 
absolute zero. As it agrees very nearly with that given by Pouillet, it 
will be important to discover its signification, its sense, or its exact phy- 
Bicat value. 

THIHD QUESTION. 

To give a complete theoretical and experimental investigation of the 
absolute specific heat of simple and componud bodies. 
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FOTJKTH QUESTION. 

To give the resalt of new experiments on uric acid and its deriva- 
tives, principally with regard to tlieir chemical structure and tbeir syn- 
thesis. 

FIFTH QUESTION. 

The polymorphism of fnngi attracts more and more attention from 
botanistH and physioiogists. It seems even to furnish neir elements for 
the solution of the problem of life in general. 

Beq aired : 

1. A succinct critical review of the known observations relative to 
the polymorphism of Mueedines. 

2. The esact determination — applying only to a single species — of 
the part which belongs at first to the proper nature of the vegetable 
(to its specific energy) and then to the exterior conditions of its devel- 
opment. 

3. The positive proof, or the satisfactoiy disproof, of the fact that 
ferment-molds (MwroeocctM, ZoSghxa, Palmella, Leptotkrix, Arthrococats, 
Mpcoderma, &c.) can nnder any circumstances whatever transform them- 
selves into fungi of a higher order. 

SIXTH QUESTION. 

To describe, especially in regard to their composition, the Flntonic 
rocks, or those considered as such, of Belgium and French Ardeunes. 

The prize for the first, the fourth, and the fifth questions will be a 
gold medal of the value of flOO francs ; the prize for the sixth will be 
of the value of 800 francs j and the prize for the second and third will' 
be of the value of 1,000 francs. 

The authors of the memoirs inserted in the reports of the academy 
will be entitled to one hundi'ed copies of their papers. They will also 
have the privilege of obtaining a larger number by paying four centimes 
a sheet. 

Manuscripts should be written legibly, should be in Latin, French, or 
Flemish, and addressed, postage prepaid, to Ad. Qnetelet, permanent 
secretary, before August 1, 1874. 

The academy requires the greatest exactuess in citations; authors 
must, therefore, be particular to mention the editions and the pages of 
tlie works cited. MaDuscript-illnstrations only will be allowed. 

Authors mnat not put their names on tbeir papers, but only a device, 
which must be repeated on a sealed envelope containing their names 
and addresses. Papers sent after the prescribed time, or those indicat- 
ing tbe author's names in any way, will be ezdaded from competition. 

The academy deems it necessary to state to the contestants that, 
after papers have been submitted to its judgment, tbey are placed in 
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its archives as its property. Anthors may always obtain copies at their 
expense by addressiug the permanent secretary. 
Brussels, session of February 1, 1873. 
For the class of science, 

AD. QUETELET, 

Permanent Secretary. 

ROYAL ACADEMY OF SCIENCE, LITEBAT0RE, AND FINE 
AETS, BKUSSELS, BELGIUM. 

CLAB8 OF SCIENCE. 

Prke-gueatiom for 1875. 

FIE8T QtJESTION. 

Examioe and discnss, in the light of recent experimeDts, the disturb- 
ing causes which affect the determinatiou of the electro-motive force 
and the iotemal resistauce of an element of the electric battery ; give 
the Dnmerical determination of these two quantities in some of the 
principal batteries. 

BECOND QUESTION. 

Give a snmmaiy of the facts discovered on the iaflaence of heat upon 
the development of phanerogamous vegetation, particularly in reg^urd 
to the periodic pbenomena of vegetation, and, for this purpose, discnss 
the value of the dynamic effect of solar heat on the growth of plants. 

THIRD QUESTION. 

Give the resalts of new researches in regard to the embryonic de- 
velopment of Tunicata. 

FOUE.TH QUESTION. 

Stat« the resalts of new researches to establish the composition and 
the matual relations of the albuminoid substances. 

FIFTH QUESTION. 

Give a,descriptiou of the coal-measnr^s of the Li^ge basin. 

The values of the gold medals to be awarded as prizes are 1,000 francs 
for the fourth and fifth questions, and the former value, 600 &ancs, for 
the first, second, aud third. 

Authors of the papers inserted in the collections of the acailemy will 
be entitled to one hundred copies of their works. Tbey may also ob- 
tain a larger number by paying the printer for the same at the rate of 
4 centimes a leaf. 

Manascripts shoald be legibly written, composed in Latin, French, 
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or Flemiab, and addressed, post free, to Ad. Qaetelet^ permanent secre- 
tary, before Angnat 1, 1875. 

The academy iusiats npou the atnnost accoracy in qnotations; authors 
should, therefore, be particular to specify the editious and pages of the 
vorks cit«d. Only manuscript illnstrations will be received. 

Authors should not sign their names on their papers, but meroly afBx 
a private mark, repeated on a sealed note containing their names and 
addresses. Papers sent after the prescribed time, or those the writers 
of which make themselves known in any way whatever, will be excluded 
from competition. 

The academy deems it necessary to repeat to competitors that as 
BOOD as papers have been submitted for its examination they are placed 
in its archives, as having become its property. Authors may, at any 
time, obtain copies, at their own expense, by addressing, to that effect, 
the permanent secretary. 

Brussels, session of January 10, 1S74 

For the class of science, 

AD. QUETELET, 

Permanent Secretary, 

SOCIETY OF SCIENCES, HABLEM, HOLLAND. 
PROGBASIMk: FOR THE YEAR 1874. 

The Holland Society of Sciences held its one hundred and twenty- 
second general meeting May IC, 1874. 

Director Jbr. G. F. van Tets, recently appointed president of the 
society in place of the late Baron F. W. van Stymm, opened the meet- 
ing by an address, in which be honored the memory of his predecessor 
and recalled the many services rendered by htm to the society in his 
capacity as director since 1835 and as president since 1867. The 
deceased also pertbrmed in 1838 and 1839 the duties of secretary of the 
society after the death of the illustrious van Marum. 

In addition to the loss of its president, the society has also had to 
mourn, in the course of the past year, that of several of its directors 
and members, namely: J. P. A. van Wickevoort Crommelin, A. F. H. 
Hoffinan, and G. L. J. van der Hncbt', directors ; H. C. van Hall, G. 
C. B. Suringar, and M. Hoek, uattona! members; L. J. E, Agassiz of 
Boston, A. A. de la Bive of Geneva, and L. A. J. Quetelet of Brussels, 
foreign mem Irers. 

The president informed the meeting that Jbr. Q. HoenSt of Harlem, 
P. Langerhuizen of Huizen, and D. Visser van Hazerswonde of Amster- 
dam bad just been appointed directors of the society. 

Since the last general meeting, the society has published the following 
works: 

Archives neerlaTtdaises des sciences exactea et naturelles, numbers 3, 4, 
and 5 of volume 8, and numbers 1 and 2 of volume 9. 
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Natuurkaadige Verhandelingen, 4to, 3d series, parts 1 aod 2 of Tolmne 
2, coutaiuing two memoirs presented by Dr. Bleeker, oam^; : 

First. B^TisioD des esp&ces iado-arohip^lftgiques da gxoape des Apo- 
gonini. 

Secondly. Revision des esp^ces d?Amba»ais et de ParamhoMsia de 1 lode 
arcbipelagique. 

It tias also presented, through 3. H. van den Broek, the report of the 
commission appointed by the directors to examine the claims of the 
candidates for the Huyghens large gold medal. This medal shoiUd be 
awarded, according to the terms of the grant, to the Ketherland or for- 
eign scientist whose researches, discoveries, or inventions in the conrse 
of the lost twenty years should be deemed to have contributed in a 
marked degree to the progress of chemistry. 

Agreeably to the recommendatioQ of the commission, composed of D. 
de Haan, P. J. van Kerchhoff, G. H. van Ankbum, J. H. van den Broek, 
A. C. Oademans, J. M. van Bemmeleu, and E. H. von Baumhaner, the 
iM>ciety decided that the Hnygheus medal should be awarded this year to 
^ugnste Kekul^, professor at Bonn, for his interesting researches into 
the couetitutiou of the carbou-coinponiids. 

Among the subjects for prize-discussiona in 1872 were the following: 

" Find a satisfactory method of determining the temperature, hu- 
midity, and density of the atmosphere at a considerable height above 
the surface of the earth; this method should provide for the automatic 
registry of the observations, or at least their frequent repetition.'' 

In reply to this question, the society received a memoir written in 
Italian, and bearing the tnotto Provaruto e Hprovanch. Following the 
advice of the commission which had been charged with the examioation 
of the work, the assembly decided that it was not entitled to the prize. 

In conclusion, the assembly proceeded to the election of new members 
of the society. This election result^ as follows : 

NATIONAL MEIUIEBS. 

G. G. Gobet, professor of philosophy and literature at Leyden. 
Th. W. EDgelmann, professor of medicine at Utrecht. 
F. W. van Eedeu, of Harlem, secretary of the Netberland Society Cor 
the Eucouragemeut of Industry. 



A. Kekul4, of Bonn. 

M. P. E. Berthelot, of Paris. 

A. Seechi, of Borne. 

L. Pasteur, of Paria 

The society has proposed, at this meeting, the following subjects for 
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prize-essays, the period for the reception of essays terminating on the 
Ist of January, 1876 : 

I. Give the results of exact investigations on the dissolving effect of 
water and water charged with carbonic acid on gypsam, limestone, and 
dolomite at different temperatures and nnder different pressures, and 
in cases where sea-salt and other abundant soluble salts are present. 

II. Give the results of exact determinations of Che dissolving effect of 
water and of water charged with carbonic acid on silica and the most 
common natural silicates at different temperatures and nnder different 
pressures and in cases where sea-salt and other widely-dlfiiised soluble 
salts are also present. 

III. Give the results of a new study of the structure of the viscera of 
mammals, especially in regard to the epithelial covering in the different 
portions of the renal tubes. 

IT. It appears from recent investigations that the peptones of many 
albnminoid materials are composed of substances now known in part 
and in part unknown. Required a critical review of these investiga- 
tions, supplemented by personal researches ou the same subject. 

V. Give the exact determiuation in Weber's units of the resistance of 
a column of mercury one meter (39 inches) long, and a sgnare milUmetor 
[\ square inch) in section at 0°, {32 F.) All the steps relative to this 
determination shonld be given to as complete an extent as possible. 

VI. To increase by means of careful experiments our knowledge of 
the relation between the two kinds of electrical units, electro-magnetic 
units and electro-static units. All the steps in this determination should 
be presented as fully as possible. 

VII. Kequired uew experiments in regard to the iuflnence of pressure 
on chemical aetion. 

The society repeats the following questions, the period of competition 
for which expires January 1, 1875 : 

I. Give for ten varieties of glass of known chemical composition, 
1st, the coefficients of expansion between 32° and (at most) 212^ F., 
noting the influence of temper and the state of tension ; 2d, the co-effl- 
cients of elasticity, with exact reports of temperature ; 3d, the indices 
of refraction for at least ten points taken over the entire extent of the 
spectrum ; also carefully noting the temperature. The gold medal and 
160 florins. 

II. Does the coefficient of expansion of steel vary with the degree 
of temper; and can empirical laws be determined in regard to the con- 
nection of these tno elements t 

III. Do experiments show a connection between the diffusion of 
liquids separated by porous partitions and other phenomena, such as 
capillarity, &c. t 

IV. Determine the co-efficient of expansion of at least three liquids of 
Bimple composition, following the method by which the absolute expaa- 
BioD of mercur} has been determined. 
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K. B. — The teoaperatnres in all tlie preceding cases slioald be reduced, 
aa far as [wssible, to that of a thermometer iu air. 

v. Itequired researches ou the origin of organs of sense, especially 
of the organ of sight, among some of the inferior aniuiaU; this origiu 
being considered, as far as [lossible, in connection with the conditious 
under which the auicnal M found, and the exterior influeucea to which it 
is esposed. 

VI. In terrestrial magnetism, what periods are known with aufficient 
exactness, and to what point may these periods be confidently associated 
with other phenomena, cosmical or terrestrial. 

VII. Required new esperimeuts and observations concerning the qnes- 
tioD of learning how the albuminoid substances are formed and displaced 
iu the plant; a historical and critical review of anterior researches should 
precede this account. 

VIII. In proportion as the number of known isomeric substances 
increases in the domiLin of organic chemistry, it becomes more desira- 
ble that their differences of structure should be harmonized with their 
physical characters. Therefore, the society requires the exact deter- 
mination of the co-efiicient of expansion, the fusing-point, the boiling- 
point, the specific heat, the index of refraction, and the specific rotary 
power of at least twenty organic compounds which are isomeric two by 

, two and the chemical composition of which is known. 

IX. The experiments of M. Regnault in regard to the specific heat of 
some terpins and those of SI. Betthelot in regard to diamytene and tri- 
amylene show that the specific heat of polymers of a compenud may be 
equal to that of the fnudamental materials of wliich they are formed. 
The society requires that the investigations should be made as far na 
possible to cover other combinations having the same relations with 
each other, in order to decide if the fact observed by Regnault and Ber- 
thelot may be raised to the rank of a law or not. 

X. Submit to a profound investigation the composition of tetraphenol 
and its derivatives so as to be enabled to pass judgment on the hypoth- 
esis of M. Limpricht concerning the existence of a series of aromatic 
substances in the stones of fruit composed of four atoma of carbon. 

XI. Bequired a critical review of the observations and experiments 
concerning the existence of bacteries in contagious diseases of men and 
other mammals, followed by original researches on the same question 
made on one or more of these contagious diseases. The nature of for- 
eign organisms should be exactly determined with figures; and the 
author should determine by experiment to what [mint the contagious 
character of the disease is confined to the presence of bacteries. 

XII. Of late years the mode of growth of bones has been studied on a 
large scale by several scientists, who have obtained very contradictory 
results. The society requires a work on this subject iu which the 
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anther will sapport his opinion by his otrn researches and. compare 
them with those of other experimenterB. 

XIII. The progress of science has brought some sort of confusion in 
the (leterniiuation of several species of plants and even in the definition 
of the species. It is observed that most of the species formerly recog- 
nized include diverse forms which some call races or varieties, and oth- 
ers species. Tiie works already written in regard to EtAus, Hieracium, 
Mentka, lialix, &c,, are importaut, hut they have the fanit of being con- 
fined to species very closely related to each other, consequently very 
coDfnsed. Besides, the forms studied have usually been couflued to 
those of a certain country, as the EiAua of England or Germany, in- 
stead of comparing all the forms of a certain species of Rubus. Oonse- 
gucntly, there is required a profound study of some of Linuseus's species, 
selected from those which present more or less diverse forms, paying 
particular attention to the following particulars ; 

First. The species should be wild plants, at least ten and at most twenty 
in number, belonging to at least two natural families, and growing in 
well-explored countries, such as Europe, the United St3t«B, &c. 

Secondly. The author should endeavor to describe and classify all the 
forms which are more or less distinct and more or less hereditary that 
enter into the Linuteau species, taking care to specify their place of 
growth, their rank, and to tell if the observations were matle from living 
plants, from dried specimens, or if they are described from books. 

Thirdly. Thcirmodeof fecundation shoald be examined, and the point 
to which certain forms may be attributed to crossing determined. 

Fourthly. The amount of hereditary influence on forms should be de- 
termined by experiment, at least in a eertiiin number of cases, and ju 
the case of woody species during at least two generations'. 

Fitth!y. For woody species iC will be necessary to determine the pos- 
sibility or impossibility of grafting on each other forms beloogiug to 
the same kind. 

Sixthly. The classification of forms in species, races, or subspecies, 
varieties, subvarieties, variations, snbvariations, and other subdivisions 
which nmy be necessary, should be based at the same time on exterior 
forms and on the closest affinities shown by fecundation and grafting. 

Januabt 1, 1878. 

Our knowledge is still more limited in regard to the qnautity of mud 
and other material brought by rivers to theKetherlauds, the places where 
these matters are most freqnently deposited, and the circumstances 
which influence their transport and their deposit. We wish to see these 
points cleared up for one or several of the rivers of our country, through 
observations or experiments continued during many years. 

The society recommends contestants to omit in their papers every- 
thing which has not an immediate connection with the question pro- 
posed. The society desires to find clearness and precision in everything 
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Babmitted to it, and the propositioDS demoDstrated clearly separated 
from vague conaideratioDS and auestablisbed facts. 

It repeats also that any memoir written in tbe antbor's hand will not 
be received ; and that even wben a medal bas been awarded, tbe pre- 
sentation will not be made if the antbor's hand bas tjeen recognized ia 
tbe mean time in tbe selected essay. The sealed envelopes sent witb 
unapproved essays will be destroyed aoopeued, unlesn it be discovered 
tbat the work presented is only a copy from printed works, in which 
case the anther's name will bedivnlged. 

Every member of tbe society will be allowed to take part in tbe com- 
petition on condition that his paper as well as tbe accompanying enve- 
lope be signed witb tbe letter L. 

The prize offered for a satisfactory answer to each of the questions 
proposed consists, at the pleasure of the author, either of a gold medal, 
struck from the ordinary die of the society and bearing the name of the 
author and the date, or a sum of 150 florins. A supplementary award 
of 150 dorius may be made if tbe memoir be judged worthy. 

The competitor who receives tbeprizewill not be allowed to print tbe 
prize-essay, either separately or in any other work, without obtaining 
for it tbe express permission of the society. 
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